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Reports 


Cesium-137 Concentrations in Eskimos, Spring 1968 


J. A. Eckert', J. S. Coogan', R. L. Mikkelsen?, and P. N. Lem' 


To determine cesium-137 concentrations, 996 residents of 11 Alaskan villages 
were whole-body counted during April 1968. The methods of counting and selec- 
tion of villages were chosen to complement the spring 1967 counts made by 
Rechen et al. The villages counted in this study were Ambler, Anaktuvuk 
Pass Village, Egegik, Kiana, Mekoryuk, Noatak, Noorvik, Selawik, Shish- 
maref, Shungnak, and Teller. 

The maximum and average concentrations, considering all villages, were 
24.27 nCi/kg and 4.37 nCi/kg, respectively. The average radiation dose index 
was 34.1 mrad/a. A comparison of the radiation dose indices of individuals 
counted both in the spring of 1967 and the spring of 1968 indicates that in two 
villages out of ten there was a significant decrease in the indices. 

The inhabitants of villages living on a diet of caribou or moose meat had a 
higher cesium-137 burden than the inhabitants of villages where reindeer herds 
supply the main meat source. 

The calibration formulas of Rechen and Palmer are compared and it is con- 
cluded that earlier studies made by Hanson and Palmer are compatible with 


the more recent studies made by the U.S. Public Health Service. 


The Bureau of Radiological Health (BRH) 
instituted a surveillance program on the Alaskan 
native population in 1965 and is continuing this 
program at the present time (1-3). Bureau of 
Radiological Health participation followed earlier 
studies by Hanson and Palmer whose published 
results demonstrated a simple portable counting 
technique, the magnitude of the burdens in the 
areas counted, and some seasonal dependence 
(4-6). The results of the BRH whole-body count- 
ing for cesium-137 in the spring of 1967 determined 
the geographical distribution of the cesium-137 
burdens, determined the burdens to a very large 
population (1,344 persons), and indicated that 
there was little dependency between cesium-137 
burdens in village children and their participation 
in the Bureau of Indian Affairs school lunch 
program. 


1 Southwestern Radiological Health Laboratory, Bureau 
of Radiological Health, Las Vegas, Nev. 

2 Formerly, a Bureau of Radiological Health State assignee 
to the Alaska State Health Department, now with the 
we Borough Health epartment, Anchorage, 

a. 
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The overall objective of the spring 1968 survey 
was to continue surveillance of the cesium-137 
levels. Of particular interest was the measure- 
ment of individuals who had been counted during 
the previous year for a direct comparison of the 
change in levels. Three villages, Barrow, Point 
Hope, and Wainwright, were dropped from the 
counting schedule because of the low levels found 
during the 1967 surveillance program. One village, 
Kiana, was added because the geographical loca- 
tion suggested high levels might be detected. The 
counting equipment and methods used were to 
be as nearly the same as possible to those used in 
the 1967 surveillance program to insure the va- 
lidity of a direct comparison of results. 

A rather extensive background on the reasons 
for this surveillance program can be found in 
Rechen et al (1). The counting procedure and 
equipment are essentially as described in the 
Rechen report. Individuals to be counted are 
seated and bent over the unshielded Nal crystal 
which is placed on their thighs. However, several 
exceptions were made in the equipment or meth- 
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ods in the interest of greater performance relia- 
bility in the field. Integrated 7.5- by 7.5-cem Nal 
crystal-photomultiplier assemblies were used and 
printed paper-tape output was selected. This out- 
put required more effort for data analysis but 
provided much greater reliability in the field than 
punched paper tape. 

Four detectors were used simultaneously on four 
subjects to enable rapid counting of residents. Al- 
most without exception, 4-minute counting times 
were used. This combination of multiple detectors 
and counting times enabled the investigators to 
count an entire village usually in 1 day. 

All counts were analyzed using computer tech- 
niques. The data were analyzed by selecting the 
half full width at maximum (FWHM) of the 
cesium-137 photopeak after subtraction of a rele- 
vant background and summing all counts under 
the photopeak over the resultant energy range. 
This particular area under the photopeak was 
chosen to minimize errors due to gain shifts or 
differences in resolution between crystals. The 
calibration formula was identical to that used by 
Rechen (1) in 1967, except that a factor of 0.75 
was introduced to compensate for the summation 
of the smaller area. The Rechen formula is 
nCi/CPM = 0.012 (W)°-. The calibration formula 
used in this study was: 


nCi 


- 0.7 
CPM 0.016 (W) 


where, nCi = total cesium-137 activity; (see 
Rechen et al.) (1); 
W = body weight in kilograms; 
CPM = counts per minute under photo- 
peak limited by FWHM. 


After calculating the burden using the above 
formula, a constant was added to the result to 
adjust for the burden of the background subject. 

Background measurements in the villages were 
obtained by counting two of the investigators 
whose burdens had been determined by a large 
crystal whole body counter before and after the 
survey to insure the validity of the background 
burden. Dietary precautions were also taken by 
these individuals so as to minimize the uptake of 
cesium-137 during the period of the survey. 

The results are also expressed in terms of the 
Radiation Dose Index (r;). This parameter repre- 
sents an estimate of the accumulative dose to the 
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individual for 1 year if the body burden of cesi- 
um-137 were to be maintained at the same level 
for the year. A detailed discussion of this para- 
meter can be found in the report of Rechen (1), 
and will not be duplicated here beyond a simple 
statement of the formula: 


n= ( Wo? + 4.5 9) 
W 


estimated total 
mrad/a; 
W = body weight in kg; and 
nCi = total cesium-137 concentration in 
nCi. 

A Radiation Dose Index was computed for each 
individual rather than for population groups as 
per the Rechen report (1). Thus, data on popula- 
tion groups were obtained by averaging the in- 
dividual indices. 

Although Rechen (1) and Palmer (4) used the 
same counting method and calibration techniques, 
their respective calibration formulae were quite 
different. In figure 1 both formulae have been 
plotted, equating the two curves at a body weight 
of 70 kg. Note that both formulae yield the same 
results over an extended range of body weights. 
An attempt was made to verify the calibration 
formulae using residents of Nevada with inherently 
low body burdens of cesium-137. The body bur- 
dens were determined using large crystal (11- by 
4 inch) whole-body counting techniques. The 
large crystal whole-body counting facility used was 
that operated by the Southwestern Radiological 
Health Laboratory in Las Vegas, Nev. Calibra- 


where, rj = body dose in 





2 8% 


RECHEN 


Note: Values beside points represent body burdens in nCi 
as determined by a large crystal counting 


1 1 i‘ 1 
60 70 80 90 


Body Weight (kg) 











Figure 1. Comparison of calibration formula and 
whole body results 
(Values beside points represent cesium-137 body bur- 
dens in nCi of Nevada residents as determined with 
a large crystal ) 
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Figure 2. Alaskan locations for whole body counting, April 1968 


tion was performed using a phantom constructed 
of cesium-137 spiked sugar bags. Immediately 
after being counted with the large crystal, the 
Nevada residents were counted using the “lap” 
technique, but in a large shielded enclosure rather 
than an unshielded room as experienced under 
field conditions. The values of the cesium-137 
burdens in nCi, as determined using the large 
crystal, are plotted with the Rechen-Palmer 
curves in figure 2. 

Dietary studies of Alaskan villages show that 
a large percentage of protein intake is obtained 
from local supplies. Data are available in current 
literature on three of the villages counted, Noatak, 
Shishmaref, and Shungnak, where the percentage 
of consumed protein from locally obtained food 
is 75 percent, 78 percent, and 81 percent, respec- 
tively (7). Individual dietary information was not 
collected, but rather, an overall view of food con- 
sumption in a village was obtained through 
interviews with village leaders. This information, 
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as well as population information, is listed in 
table 1. The locations are noted in figure 2. In 
the population figures, the designation ‘High 
School Students” in all cases refers to students 
temporarily living at Bureau of Indian Affairs 
schools located away from the village. 


Counting results and conclusions 


Table 2 lists the average and maximum con- 
centrations of cesium-137 in individuals and the 
average and maximum Radiation Dose Indices. 
The tabulation is by village, sex, and weight 
classification. Also listed are the counting dates, 
number of individuals counted, average height 
and average weight. Table 2 also includes sum- 
mary information on all villages. The maximum 
recorded burden was 24.27 nCi/kg in a 52-year- 
old male living in Selawik. This individual weighed 
69 kg giving a total burden of 1.7uCi. The Ra- 
diation Dose Index for this individual (also the 
highest value) was 195.7 mrad/a. The applicable 
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Table 1. 


Population and diet parameters 





Location 


Total Students* 


Noatak 


Noorvik__ 


Kiana __- 


Asie... ....«. 


Shungnak 


Selawick 


Shishmaref 


Teller 


Anaktuvuk Pass. 


Egegik - - 


Mekoryuk, 
Nunivak 
Isiand 














Population 


DR aicaee tease atte 
Adults 
above 16 
years® 


Native diet 


student*> 


Unknown | Caribou plentiful all winter 

Seven moose killed in village 

Four bear 

Some Dolly Varden Trout and 
Shee fish taken all winter. 

Unknown | Caribou far away from village; 
not plentifu 

Shee fish in good supply 

Unknown | Caribou, plentiful 

Moose, plentiful; Shee fish, 
eatch beginning at this date 


Male 24 


Caribou in good supply 
Female 31 


Some Shee fish 
Unknown | Cariboy kill, light 

Most families killed a moose 
Some fishing 


Male 112 
Female 100 


Male 62 
Female 54 


Caribou and moose kill, good 
White fish—pickerel 


Walrus, seal, reindeer herd 
controlled by native herder 

Some fish 

Unknown Unknown | Reindeer herd controlled by na- 
tive herder, some fish 

Mostly store-bought food 

Unknown | Caribou supply, excellent 
(main stable of diet) 

Unknown Caribou kill, excellent 
is 

Store-bought food constitutes 
a large portion of diet 

Unknown | Main dietary components: 
BIA reindeer herd on island, 
duck, seal, a few walrus. 











* Students, high school students and adults above 16 years are included in the total population. 
» Students temporarily living at Bureau of Indian Affairs Schools located away from the village. 


FRC Radiation Protection Guide is 500 mrad/a. 
A comparison of males and females of the same 
weight range and residing in the same village 
revealed that differences by sex in cesium-137 
burdens is only important in the higher weight 
ranges, thus verifying the conclusion reached by 
Rechen. Males in the higher weight range have 
significantly higher burdens than females. 

Table 3 presents a comparison of the results of 
the spring 1967 and spring 1968 whole-body 
counts. Data on the spring 1967 counts were 
taken from the Rechen report (1) and the data 
for 1966 were from Fitzpatrick (3). It should be 
noted that the Radiation Dose Indices for 1968 
were based on averages of the individual radia- 
tion dose indices whereas the 1967 indices were 
based on group averages. The villages were 
counted in the spring of both years, thus, hope- 
fully eliminating any seasonal dependence. In 
43 of the 60 categories compared, the 1967 con- 
centrations were higher. 
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Figure 3 shows a bar graph of the Radiation 
Dose Index for a particular category of males, 
45-65 kg. A comparison of this graph and the 
dietary information listed in table 1 demonstrates 
that in general (Noatak being the exception) 
individuals in those villages relying on caribou 
and moose have higher cesium-137 burdens than 
those with reindeer herds. The villages with the 
highest concentrations (Ambler, Kiana, Noorvik, 
Selawik, and Shungnak) are located in the Kobuk 
River region. Investigations in the past have con- 
centrated on caribou or reindeer as the principle 
link in the ecological chain responsible for the 
high cesium-137 burdens found in Arctic peoples. 
In Shungnak, where the burden was high (table 1) 
the residents were consuming primarily moose 
rather than caribou or reindeer. This would sug- 
gest the need to study the consumption of other 
native animals as possible sources of cesium-137. 

Comparison of the calibration formulas of 
Rechen (1) and Palmer (4) showed very good 
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Table 2. Spring 1968 maximum cesium-137 concentrations and Radiation Dose Indices for Alaskan Eskimos by 
place of residence, sex, weight and height 





: ait : Cesium-137 Radiological Dose Indices 
Location Weight Number Average Average concentrations | (mrad /a) 
and . counted height weight 
counting dates (em) (kg) 
(1968) 


Maximum Average 
(nCi/kg) (nCi/kg) 


Female 


PAVZA 


> 
POD > 
Sr Sr ororcr gr 


into bo do 
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Male 


_ 
PA V 


Female 


_ 
PAV 


Aaa Tac 


Egegik - - _ . --- . Male 
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_ 
PA V 
= 
CHOU POONR CHAO PROTONS 


Female 


FAV 


_ 
| 
WRARWR See 


SCrOorcr croc 


PA UV 


Male 


ro 


| | 1 
Pe ADBROOe AAPAARm HM 


-t- 
rong 
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VPAV 
BRE 


ir) 


Male 


Female 


NAW ID 
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WOBOSON NENKWRO WHKOH ANH NOWOWS 


ow 


Male 


Female 


me COdds NWwWWwWNWww NWN wh NWNwWwNWwh me Or De CO NID 
Danowo 


NWWH St 


Male 


Female 


wWounmon~) 


Selawik Male 
4/14 


Female 


AINQOnn WWW 


Shishmaref___ - .---| Male 
4/16 


Female 


www Sw 


Shungnak — Male 
4/13 


SNOT 


Female 


- 


Male 


Female 


NAN TOOK wi Nido NBN RObwHwW CHOOWO SHH 





Total ..| Male 
4/6-4/22 /68 


Female 


Cor or 
COrOaar | NNNWWwW GWwaI wou 


on G0 in 3 Go oe 
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Table 3. Comparison of 1966, 1967, and 1968 average and maximum concentrations of cesium-137 in Alaskan 
Eskimos by place of residence, sex, and weight 





Average 
Number weight Ratio of Ratio of 


; Weight counted (kg) maximum concentrations average concentrations 
Location range p 


(kg) 


1966 


1966 1968 | 1967/1966 1968 /1967 1967 /1966 


Ambler aud ..-| Male 


A 


1.08 
1.29 


_ 
on 


Female 


| 
die md 
AGG 


_ 
A VPAV 
a 


Anaktuvuk Pass Village____| Male 


a 
Te 
De 


Female 


_ 


Dhar F 
Sr Gr Gr Gr Gr Gr 


Male 


yoo 


_ 
PAVEA VPAV 


RODS 
g 


Female 


_ 
2+ 
on 


Vv 
& 


Mekoryuk, Nunivak 


Island ; Male 


a 
AV PA 


Female 


ao 
o 
| 

Cr cr Gr Sr Sr 


Noatak - - oman .-| Male 


PA V 


_ 


Female 


_ 
PAV 


Srororororcr 


Noorvik -----| Male 


> 
< 
6-6: 


Vv 


Female 


RP ee eek .---| Male 


Female 


Shishmaref - - _ ---- Male 


Female 


Shungnak- ‘an ee | 


Female 


t 
BPs 


Teller __ Male 


~ 


Female 


= 


SrSr Gr Or Grr 


Male 
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Female 
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AMBLER ANAKTUVUK EGEGIK KIANA x TAK NOORVIK SELAWIK SHISHMAREF SHUNGNAK Tf 
PASS 


Figure 3. Radiation dose indices for cesium=137, 


males 45-65 kg 


agreement, particularly in the weight range from 
50 to 80 kg (figure 1). Thus, the results of Hanson 
and Palmer (5-6) can be directly compared to the 
studies made by the Bureau of Radiological 
Health. Cesium-137 burdens were low with a 
resulting large dispersion of the experimental data 
in the laboratory calibration. 

For each village, a statistical test was per- 
formed on the data to determine if there were 
significant differences between the 1967 and 1968 
values. The tests were made only on those indi- 
viduals in the ten villages who had been counted 


both years (table 4). The structure of the test 
was the standard t-test for comparing two means. 
At the 95-percent confidence level (a = 0.05), 
the populations in four villages (Noatak, Noorvik, 
Selawik, and Teller) had significant differences 


Table 4. 


between the 1967 and 1968 body burdens. At 
the 99-percent confidence level, the populations 
in two villages (Noatak and Noorvik) had sig- 
nificant differences. The authors conclude that 
the lower levels found in 1968 in Noorvik and 
Noatak are significant reductions but a statement 
of a general reduction in all villages and individ- 
uals would be unwarranted. It would appear 
that it is not possible to predict any long-term 
trend from the present data. 
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Comparison of village populations counted 1967-1968" 





Concentration 
Village N (nCi/kg) 


Ambler 





Shishmaref _ 
Shungnak 
Teller 


ont AIH 9B MH 
SESSRR-S=E 














1968 
| | Differences 
in Means 
7z(1968)- 
7(1967) 


Concentration 


Level of 
(nCi/kg) 


significance 
a= 01 


Level of 
significance 


Yes (decrease) 
Yes (decrease) 
Yes (decrease) 
No 
No 
Yes (increase) 























® Total number individuals counted in both 1967 and 1968 is 536. 
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Tritium Body Burden of Children, 1967-1968 


A. A. Moghissi and Robert Lieberman’ 


The tritium concentration in body water of children was determined from 
samples of urine taken from two children in each of nine Institutional Total 
Diet Sampling stations. The tritium concentrations in body water of children 
gradually decreased from about 1.5 nCi/liter to less than 0.2 nCi/liter during 
the period, January 1967 to December 1968. Several anomalies were noted. 

The dose equivalent from tritium for standard man was calculated to be 0.15 
mrem for 1967 and 0.13 mrem for 1968. The dose equivalent for children varies 
according to age and is roughly 0.1 mrem for a 13-year-old child. 


After the cessation of atmospheric nuclear 
testing, tritium concentration in the environment 
has continuously decreased. Tritium is, however, 
produced in nuclear reactors and is eventually 
introduced into the hydrosphere. The Bureau 
of Radiological Health (BRH) has recognized 
the importance of this radionuclide and has es- 
tablished a number of networks to evaluate a 
possible radiation hazard to the public. Analyti- 
cal results of surface water networks (1) are con- 
tinuously reported. Similarly, rain is continuously 
monitored for tritium (2). 

The ultimate purpose of most networks is the 
evaluation of the radiation dose or, to be more 
explicit, the dose equivalent (DE) to man. The 
most suitable medium for the radiobioassay of 
tritium is body water. It is well known that tri- 
tiated water introduced into the body is evenly 
distributed in the body water within a short 
period of time. (3). 

The body burden may thus be expressed as the 
concentration of tritium in the body water, and 
urine may be used for radiobioassay and the 
evaluation of DE. In connection with the Insti- 
tutional Total Diet Sampling Network Program 
(ITDSNP) (4), urine samples from children in 
several children’s homes were analyzed for a num- 
ber of radionuclides at the Southeastern Radio- 
logical Health Laboratory. During the 1967-1968 
period a portion of these samples was radioassayed 
for tritium. 

1 Dr. Moghissi is with Southwestern Radiological Health 
Laboratory, Las Vegas, Nev., and Mr. Lieberman is with 


Southeastern Radiological Health Laboratory, Montgom- 
ery, Ala. 
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Sampling and artalysis procedures 


Samples were collected from 9 ITDSNP stations 
distributed throughout the continental United 
States. The locations of these stations are shown 
in figure 1. To obtain a reasonable sampling accu- 
racy, samples were collected from two children 
from each home. Samples were collected in dis- 
posable containers and an aqueous (1 ml) solution 
of merthiolate was used as a preservative. Upon 
arrival at the laboratory, the samples were logged 
and stored in a cold room at a temperature of 
0-4° C. 

Approximately 30 ml of the urine were distilled 
in all glass equipment using potassium persulfate 
as an oxidizing agent (5). Tritium assay was car- 
ried out by liquid scintillation counting, using a 
dioxane-based scintillation liquid (5). Twenty ml 
of dioxane, containing 7 g of 2,5 diphenyloxazole 
(PPO) and 1.5 g of p-bis-(methylstyryl)-benzene 
(bis-MSB) in 1 liter, was mixed with 5 ml of 
distilled urine and counted in a Beckman liquid 
scintillation counter. Duplicate samples were pre- 
pared and each was counted for 50 minutes twice. A 
background sample was counted prior to the first 
sample and a second background sample counted 
after the second replicates. If any one of the 50- 
minute sample counts deviated by more than 
2 o from the average, the duplicates were re- 
counted. The minimum limit of detection (MLD) 
of this system at 2 « confidence level was 0.2 nCi/ 
liter. Beginning with the July 1968 samples, one of 
the replicates was counted using a suspension 
technique (6). A p-xylene solution containing 7 g 
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Figure 1. Nihe Institutional Total Diet Sampling stations) 


PPO and 1.5 g bis-MSB/liter was mixed with a 
detergent, Triton N101 (a product of Rohm and 
Haas, Philadelphia, Pa.), in a volume ratio of 
2.75:1. Fifteen ml of xylene-detergent mixture and 
10 ml of water were thoroughly mixed and counted. 
The details of this procedure are described by 
Lieberman and Moghissi (6). The minimum limit 
of detection of this suspension technique was 0.1 
nCi/liter. 








Figure 2. Correlation between the tritium concentra- 
tion of water and the counting error in percent 
at 2-sigma confidence level 


Although the samples counted during the latter 
part of 1968 had a lower minimum limit of detec- 
tion, for the sake of uniformity and because the 
new procedure was in an experimental state, 
0.2 nCi/liter is used as the MLD for the entire 
period. Figure 2 shows the counting error at 95- 
percent confidence level for the activity range of 
this investigation. 


Results 


From tables 1 and 2, it may be seen that tritium 
concentrations in the body water of children have 
gradually decreased in some cases, from approxi- 
mately 1.5 nCi/liter to less than 0.2 nCi/liter 
from January 1967 to December 1968. 

Certain anomalies are, however, striking. In 
several cases, the two samples collected from 
children in the same home show considerable 
discrepancy. Originally, this was attributed to 
analytical inaccuracies. In all these cases, how- 
ever, a rerun of the samples confirmed the original 
findings. 

In search for a reason, a number of possibilities 
were considered. The water or food intake was the. 
first possibility. It is, however, highly improbable 
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Table 1. 


Tritium concentration in urine, 1967 
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NS, no sample. 


Table 2. 


Tritium concentration in urine, 1968 





Location* 
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® No samples were received from Burlington, Vt., during 1968 
NS, no sample receved. 


that a person living in Tampa, Fla., would have 
a tritium body burden of 9.6 or 4.5 nCi/liter 
(January 1968) as water collected in that area 
had a tritium concentration of less than 0.2 nCi/ 
liter. Tritium concentration in food collected 
during the same month was less than 0.2 nCi/ 
liter (7) of water of combustion. 

It is also unusual that two children from Wil- 
mington, Del., having essentially the same tritium 
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intake, show differences of almost 7 nCi/liter (De- 
cember 1968). 

A second possibility is the contamination of the 
sample during the sample collection and analysis. 
This possibility was systematically investigated. 
Forty-five disposable containers randomly se- 
lected from a variety of shipments were filled 
with 1 liter of water and left in the cold room 
for 14 days. These water samples were subse- 
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quently processed in the same manner as the 
urine samples and counted. No case of increased 
activity could be observed. 

The only other possibility was the contamina- 
tion of the samples during the shipment. One 
characteristic of the samples showing anomalies 
was their condition on arrival. They were generally 
spoiled, presumably due either to improper pre- 
servation or because the container was washed 
prior to sample collection, thus removing the 
preservative. 

It is known that the specific activity of hydrogen 
(8) and methane (9) in the atmosphere is several 
orders of magnitude higher than that of atmos- 
pheric moisture. If during the biochemical re- 
actions that occur during spoiling of urine samples, 
methane becomes incorporated into the aqueous 
portion of the urine, then an increased specific ac- 
tivity may result. The true reason for the relatively 
high specific activities found remains unknown 
for the time being. Further investigations are 
necessary to clarify this phenomenon. 


Dose calculations 


Moghissi and Porter (1) proposed the following 
equation for the calculation of tritium dose under 
equilibrium conditions: 


DE = 10-'C(QF) 
where, 


DE = dose equivalent in mrem/a; 
C = concentration of tritium in the body 
in nCi/liter; and, 


QF = quality factor for tritium. 


This equation assumes a body weight of 70 kg 
of which 10 percent is hydrogen. To facilitate the 
dose calculation, it is assumed that the hydrogen 
concentration of the body is essentailly indepen- 
dent of age. This assumption is substantiated by 
the findings of Forbes (10) who has shown that 
the body water to body weight ratio changes only 
slightly with age. He also determined the body 
weight of children as shown in table 3. As the sex 
of the children was not recorded, the average 
weights were used in the calculations. 

Since the publication of the above equation, 
Evans (11) has found that under continuous 
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Table 3. Body weight of children 





Weight 
(kg) 


Age (years) 





Female Average 














exposure, the specific activity of organically- 
bound and aqueous hydrogen is essentially the 
same. This finding confirms the underlying idea 
leading to that equation and is in conflict with the 
recommendations of ICRP (12). 

Numerous investigations have been published re- 
cently dealing with the quality factor (QF) of trit- 
ium. Feinendegen (13) has reviewed the literature 
extensively. Vennart (14) in a recent review has 
proposed a QF of 1. It is unfortunate that none 
of these papers reviews Shtukkenberg’s (15) paper 
where a QF of 3 was proposed. Although Lambert 
(16) found recently that a QF of 1.3-2.4 was more 
appropriate, the International Commission on 
Radiological Protection decided to follow Ven- 
nart’s recommendation (17) and has proposed a 
QF of 1 for tritium. Since no definite decision has 
been made by the National Commission on Radia- 
tion Protection and Measurements, a QF of 1.7 
was found to be appropriate and is used in the 
calculations. 

To evaluate the dose, all values of less than 0.2 
nCi/liter are assumed to be 0.1 nCi/liter. This 


Table 4. Average tritium concentrations in urine 
of children, total body burden, and dose equivalents 
for the standard man 
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value is estimated to be the current tritium level 
in surface waters of low specific tritium activity. 
Also high values are used in the averaging process 
although there is a probability that the calculated 
dose would be somewhat too high. 

Table 4 shows the average tritium concentra- 
tions in the body water of children at the various 
sampling stations. The total body burdens are 
calculated for standard man, assuming that the 
tritium concentration in the body of standard 
man would be essentially the same as that in the 
bodies of children. The DE is calculated also for 
standard man and is included in the tables. The 
DE for standard man during 1967 was 0.15 mrem 
and during 1968, 0.13 mrem. 

Table 5 shows the average total body burden 
and the DE for various ages calculated for the 
average tritium concentration. 


Table 5. Tritium total body burden (TBB) and the 
dose equivalents (DE) of children during 1967 and 1968 





Total body burden Dose equivalents 
(nC) (mrem) 


Age (years) 





1967 




















The DE for children varies according to age 
and is roughly 0.1 mrem for a 13-year-old child. 
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Tritium Concentrations in Food, 1967-1968 


A. A. Moghissi and R. J. Lyon' 


Tritium concentrations were determined in food samples obtained from 
several children’s homes in the United States. The average concentrations of 
tritium in food indicate a decreasing trend from 1967 to 1968. The average dose 
equivalent from tritium in food was calculated to be 0.08 mrem for 1967 and 


0.03 mrem for 1968. 


Due to the biological significance of tritium, 
the Bureau of Radiological Health has for several 
years evaluated the radiological health aspects 
of this radionuclide. The results of studies dealing 
with surface waters, (1), rain (2), and urine (3) 
have been reported. 

According to the recommendations of the In- 
ternational Commission on Radiological Protec- 
tion (ICRP) (4) more than half of the tritium 
intake is through food. Uncertainties regarding 
the biological half life of tritium incorporated in 
the organic molecules of food justified an evalua- 
tion of the tritium present in food. 


Sampling and analysis procedures 


Food samples collected from several children’s 
homes distributed throughout the continental 
United States were shipped to the Southeastern 
Radiological Health Laboratory. These homes 
were instructed to collect the total food intake of 
the children, including soft drinks, during a period 
of 24 hours. The only medium not included was 
tap water. 

In the laboratory, the sample was homogenized 

_and approximately 100-150 grams were com- 
busted. The collected water was distilled and 
counted for tritium. 


Combustion procedure 


The details of the combustion technique are 
shown in figure 1. Air is passed through a column 


1A. A. Moghissi is with Southwestern Radiological Health 
Laboratory, Vegas, Nev., and R. J. Lyon is with South- 
eastern Radiological Health os gomene O ontgomery, Ala. 

2 The catalyst was obtained from the Englehard Indus- 
tries, Newark, N.J. 
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(D,) containing a desiccant and molecular sieve 
(Linde 13 A) to remove water and organic com- 
pounds originating from air compressors. The 
purified air was passed through a copper oxide 
catalyst which was kept at 500 to 600° C. ina 
furnace (F,). This step was necessary to oxidize 
hydrogen and methane in the air which are known 
to contain tritium (5, 6) at levels several orders 
of magnitude higher than atmospheric moisture. 
The resulting water was collected in the drying 
column (D,). The sample (S) which was placed 
in the furnace (F:) was partially combusted as 
the air passed by. The completion of combustion 
occurred in the furnace (F;) in the presence of a 
copper oxide catalyst at 500-600° C. At the be- 
ginning of the process F, was gradually heated 
from room temperature to 600° C. within 2 hours. 
An additional 2 hours were necessary to remove 
the possible residues of the sample, making it pos- 
sible to run two samples in a working day. 

Subsequent to the completion of this work, the 
catalyst was replaced by a platinum-aluminum 
oxide catalyst?. This catalyst could be used at a 
lower temperature of 150-200° C. and thus was 
considerably more effective. 


Accuracy of the combustion 


Significant errors may be introduced in the 
results of chemical reactions dealing with tritium 
if the reaction is incomplete. This phenomenon 
is caused by isotope effect and is the basis for en- 
richment of deuterium and tritium. 

To evaluate the reproducibility of this com- 
bustion system, approximately 5 g of a rat tissue 
from a tritium experiment was mixed with the 
food and combusted. The entire procedure was 
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Figure 1. Schematic diagram of the combustion system 


then repeated several times. The resulting water 
samples were distilled and counted as described 
below. Results of the replicates are shown in table 
1. It can be seen that the standard deviation of 
the mean compares favorably with the counting 
error of the individual samples at the 2 o« confi- 
dence level. 


Table 1. Accuracy of the food tritium analysis 





Concentration in water of 


Run number combustion (nCi/liter) 











Liquid scintillation counting 


All samples were counted in a Beckman liquid 
scintillation counter. The details of the sample 
preparation are described by Moghissi et al (7). 
In short, 1 liter of scintillation liquid was pre- 
pared by dissolving 7 g of 2, 5-diphenyloxazole 


(PPO), 1.5 g of p-bis-(methystyryl)-benzene 
(bis-MSB) and 120 g of naphthalene in dioxane. 
Duplicate samples were prepared using 20 ml of 
this scintillation liquid and 5 ml of water. The 
total counting time for the duplicate was 200 
minutes divided into four 50-minute counts. If 
any of the 50-minute counts deviated by more 
than 2 o from the average, the duplicates were 
recounted. This occurred with a frequency com- 
parable to the statistical expectancy. A back- 
ground sample was counted prior to the first 
sample and a second background subsequent to 
its duplicate. The minimum limit of detection 
(MLD) of the counting was 0.2 nCi/liter at the 
2 o confidence level. Starting July 1968, one of the 
replicates was prepared using an emulsion mixture 
(8). A p-xylene solution containing 7 g PPO and 
1.5 g bis-MSB per liter was mixed with Triton N 
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101 in a volume ratio of 2.75:1. Fifteen ml of this 
mixture were mixed with 10 ml of water resulting 
in a MLD of 0.1 nCi/liter. As this mixture was 
used in an experimental stage and for the sake of 
uniformity, all results are reported with an MLD 
of 0.2 nCi/liter and the counting error of the 
dioxane-based solution shown in figure 2. 

















2¢ counting error (percent) 


Figure 2. Correlation between the tritium concentra- 
tion of water and the counting error in percent 
at 2-sigma confidence level 


Results 


The location of the stations and the analytical 
results are shown in tables 2 and 3. The decreasing 
trend as observed in surface water (1), rain (2) 
and urine (3) is evident in average values of 1968 
as compared to 1967. A clear trend in individual 
samples is, however, not evident. The October 
1968 value from Tampa, Fla., is considerably 
higher than other values during the entire period 
of 1967-1968. Similar values may be observed for 
other sample collection sites (Albuquerque, N. 
Mex., June 1967; Charleston, S.C., December 
1967; etc.). This apparent lack of systematic 
decrease may be explained by the complexity of 
the food. Individual components of the samples 
could have originated from geographical areas 
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Table 2. Tritium concentration in food, 1967 





Location 
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New Orleans 
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Table 3. 


Tritium concentration in food, 1968 





Location 
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NS, no sample received. 


with different tritium concentrations than the 
collection site. Similarly, the preservation of food 
makes it possible that part of the food could have 
originated at a time when the tritium concen- 
tration was higher than that at the collection 
time. In the averaging process these effects are 
minimized so that a decrease is evident. 


Dose calculation 


In order that the dose equivalent to the popu- 
lation could be calculated, the average annual 
tritium concentration was used. For the purpose 
of averaging 0.1 nCi/liter was assumed to be the 
tritium concentration of values below the MLD. 
The following equation (1) was used for dose 
calculation: 


DE 
where 


DE = dose equivalent in mrem/a; 
QF = quality factor for tritium; and, 
C = concentration of tritium in the body 
in nCi/liter. 


Although ICRP has recommended a reduction of 
QF for tritium from 1.7 to 1, for the sake of uni- 


10-1(QF)C .++(1) 
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formity with the dose calculations made for the 
same period using other media and for reasons 
described elsewhere (3), a QF of 1.7 is used in the 
dose estimations. 

For the purpose of calculation it is assumed 
that the tritium concentration of the body is in 
equilibrium with that in food. It can be seen in 
table 4 that the average DE as calculated for food 
is somewhat lower than the averages calculated 
from body burden measurements for standard 
man of 0.15 mrem for 1967 and 0.13 mrem for 
1968. This may be explained by the uncertainties 


Table 4. Average tritium concentrations in food 
and the dose equivalents 





1967 1968 





Location Dose 
equivalent 


(mrem) 


Concen- 
tration 
(nCi/ 
liter) 


Jose 
equivalent 





Fla: Tampa 

La: New Orleans 

Ark: Little Rock 

Ky: Louisville 

N. Mex: Albuquerque-_--- 
8. C: Charleston 

Miss: Columbia 

Tex: Austin 








Annual average 

















associated with the urine values (3) and the fact 
that an additional source of tritium intake, i.e., 
drinking water, is not considered if the DE 
calculation is based on food intake. 

The above calculations are valid for standard 
man with a body weight of 70 kg and a hydrogen 
body content of 7,000 grams. The DE to children 
who actually consumed this food depends upon 
the body weight and the hydrogen content of the 
body. An estimate of DE of children may be car- 
ried out by the method described elsewhere (3). 
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SECTION I. MILK AND FOOD 


Milk Surveillance, January 1970 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, it 
is the food item that is most useful as an indicator 
of the general population’s intake of radionuclide 
contaminants resulting from environmental re- 
leases. Fresh milk is consumed by a large segment 
of the population and contains several of the bio- 
logically important radionuclides that may be 
released to the environment from nuclear activi- 
ties. In addition, milk is produced and consumed 
on a regular basis, is convenient to handle and 
analyze, and samples representative of general 
population consumption can be readily obtained. 
Therefore, milk sampling networks have been 
found to be an effective mechanism for obtaining 
information on current radionuclide concentra- 
tions and long-term trends. From such informa- 
tion, public health agencies can determine the 
need for further investigation and/or corrective 
public health action. 

The Pasteurized Milk Network, (PMN) spon- 
sored by the Bureau of Radiological Health and 
the Bureau of Foods, Pesticides, and Product 
Safety, Food and Drug Administration, U.S. 
Public Health Service, consists of 63 sampling 
stations; 61 located in the United States, one in 
Puerto Rico, and one in the Canal Zone. Many 
of the State health departments also conduct 
local milk surveillance programs which provide 
more comprehensive coverage within the individu- 
al State. Data from 15 of these State networks are 
reported routinely in Radiological Health Data and 
Reports. Additional networks for the routine sur- 
veillance of radioactivity in milk in the Western 
Hemisphere and their sponsoring organizations 
are: 
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Pan American Milk Sampling Program (Pan 
American Health Organization and U.S. Public 
Health Service) —5 sampling stations 


Canadian Milk Network (Radiation Protection 
Division, Canadian Department of National 
Health and Welfare)—16 sampling stations 


The sampling locations that make up the net- 
works presently reporting in Radiological Health 
Data and Reports are shown in figure 1. Based on 
the similar purpose for these sampling activities, 
the present format integrates the complementary 
data that are routinely obtained by these several 
milk networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides that occur 
in or are formed as a result of nuclear fission be- 
come incorporated in milk (1). Most of the pos- 
sible radiocontaminants are eliminated by the 
selective metabolism of the cow, which restricts 
gastrointestinal uptake and secretion into the 
milk. The five fission-product radionuclides which 
commonly occur in milk are strontium-89, stron- 
tium-90, iodine-131, cesium-137, and barium-140. 
A sixth radionuclide, potassium-40, occurs natural- 
ly in 0.0118 percent (2) abundance of the element 
potassium, resulting in a specific activity for 
potassium-40 of 830 pCi/g total potassium. 

Two stable elements which are found in milk, 
calcium and potassium, have been used as a means 
for assessing the biological behavior of metaboli- 
cally similar radionuclides (radiostrontium and 
radiocesium, respectively). The contents of both 
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Figure 1. Milk sampling networks in the Western Hemisphere 
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calcium and potassium in milk have been mea- 
sured extensively and are relatively constant. 
Appropriate values and their variation, expressed 
in terms of 2-standard deviations, for these con- 
centrations are 1.16 + 0.08 g/liter for calcium 
and 1.51+0.21 g/liter for potassium. These 
are averages of data from the PMN for the per- 
iod, May 1963-March 1966 (3) and were deter- 
mined for use in general radiological health cal- 
culations or discussions. 


Accuracy of data from various milk networks 


In order to combine data from the international, 
national, and State networks considered in this 
report, it was first necessary to determine the 
accuracy with which each laboratory is making 
its determinations and the agreement of the 
measurements among the laboratories. The Analy- 
tical Quality Control Service of the Bureau of 
Radiological Health conducts periodic studies 
to assess the accuracy of determinations of radio- 
nuclides in milk performed by interested public 
health radiochemical laboratories. The generalized 
procedure for making such a study has been out- 
lined previously (4). 

The most recent study was conducted in the 
period, July-September 1969, with 31 labora- 
tories participating in an experiment on milk 
samples containing known concentrations of 
strontium-89, strontium-90, iodine-131, cesium- 
137, and barium-140. Of the 19 laboratories pro- 
ducing data for the networks reporting in Radio- 
logical Health Data and Reports, 15 participated 
in the experiment. 

The iodine-131 and cesium-137 results show 
much improvement over previous tests. Barium- 
140 results also look good, which is encouraging, 
since this is the first time barium-140 was analyzed 
for this type of experiment. However, strontium- 
89 and strontium-90 analyses still need improve- 
ment (5). Keeping these possible differences in 
mind, integration of the data from the various 
networks can be undertaken without introducing 
a serious error due to disagreement among the 
independently obtained data. 


Development of a common reporting basis 


Since the various networks collect and analyze 
samples differently, a complete understanding of 
several parameters is useful for interpreting the 
data. Therefore, the various milk surveillance 


May 1970 


networks that report regularly were surveyed 
for information on analytical methodologies, 
sampling and analysis frequencies, and estimated 
analytical errors associated with the data. 

In general, radiostrontium is collected by an 
ion-exchange technique and determined by beta- 
particle counting in low-background detectors, 
and the gamma-ray emitters (potassium-40, io- 
dine-131, cesium-137, and barium-140) are de- 
termined by gamma-ray spectroscopy of whole 
milk. Each laboratory has its own modifications 
and refinements of these basic methodologies. 
The methods used by each of the networks have 
been referenced in earlier reports appearing in 
Radiological Health Data and Reports. 

A recent article (6) summarized the criteria 
used by the State networks in setting up their 
milk sampling activities and their sample collec- 
tion procedures as determined during a 1965 sur- 
vey. This reference and earlier data articles for 
the particular network of interest may be con- 
sulted should events require a more definitive 
analysis of milk production and milk consumption 
coverage afforded by a specific network. 

Many networks collect and analyze samples on 
a monthly basis. Some collect samples more fre- 
quently but composite the several samples for 
one analysis, while others carry out their analyses 
more often than once a month. The frequency of 
collection and analysis varies not only among the 
networks, but also at different stations within 
some of the networks. In addition, the frequency 
of collection and analysis is a function of current 
environmental levels. The number of samples 
analyzed at a particular sampling station under 
current conditions is reflected in the data presen- 
tation. Current levels for strontium-90 and cesium- 
137 are relatively stable over short-time periods 
and sampling frequency is not critical. For the 
short-lived radionuclides, particularly iodine-131, 
the frequency of analysis is critical and is generally 
increased at the first measurement or recognition 
of a new influx of this radionuclide. 

The data presentation also reflects whether raw 
or pasteurized milk was collected. A recent analy- 
sis (7) of raw and pasteurized milk samples col- 
lected during the period, January 1964 to June 
1966, indicated that for relatively similar milkshed 
or sampling areas, the differences in concentration 
of radionuclides in raw and pasteurized milk are 
not statistically significant. Particular attention 
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was paid to strontium-90 and cesium-137 in that 
analysis. 

Practical reporting levels were developed by 
the participating networks, most often based on 
2-standard deviation counting errors or 2-stan- 
dard deviation total analytical errors from _repli- 
cate analyses experiments (3). The practical 
reporting level reflects additional analytical factors 
other than statistical radioactivity counting vari- 
ations and will be used as a practical basis for 
reporting data. 

The following practical reporting levels have 
been selected for use by all networks whose prac- 
tical reporting levels were given as equal to or 
less than the given value. 


Practical reporting level 
Radionuclide (pCi/liter) 
Strontium-89 5 
Strontium-90 2 
Iodine-131 10 
Cesium-137 10 
Barium-140 10 





Some of the networks gave practical reporting 
levels greater than those above. In these cases the 
larger value is used so that only data considered 
by the network as meaningful will be presented. 
The practical reporting levels apply to the hand- 
ling of individual sample determinations. The 
treatment of measurement equal to or below these 
practical reporting levels for calculation purposes, 
particularly in calculating monthly averages, is 
discussed in the data presentation. 

Analytical errors or precision expressed as pCi/ 
liter or percent in a given concentration range 
have also been reported by the networks (3). The 
precision errors reported for each of the radio- 
nuclides fall in the following ranges: 


Analytical errors of precision 
(2-standard deviations) 

1-5 pCi/liter for levels <50 
pCi/liter; 

5-10% for levels >50 pCi/liter 

1-2 pCi/liter for levels <20 
pCi/liter; 

4-10% for levels >20 pCi/liter 

4-10 pCi/liter for levels <100 
pCi/liter; 

4-10% for levels >100 pCi/ 
liter 


Radionuclide 
Strontium-89 





Strontium-90 


Cesium-137 


Iodine-131 
Barium-140 


For iodine-131, cesium-137, and barium-140 there 
is one exception for these precision error ranges: 
25 pCi/liter at levels <100 pCi/liter for Colorado. 
This is reflected in the practical reporting level 
for the Colorado milk network. 


Federal Radiation Council guidance applicable to 
milk surveillance 


In order to place the U.S. data on radioactivity 
in milk presented in Radiological Health Data and 
Reports in perspective, a summary of the guidance 
provided by the Federal Radiation Council for 
specific environmental conditions is presented 
below. The function of the Council is to provide 
guidance to Federal agencies in the formulation 
of radiation standards. 


Radiation Protection Guides (8, 9) 


The Radiation Protection Guide (RPG) has 
been defined by the Federal Radiation Council 
(FRC) as the radiation dose which should not be 
exceeded without careful consideration of the 
reasons for doing so; every effort should be made 
to encourage the maintenance of radiation doses 
as far below this guide as practicable. An RPG 
provides radiation protection guidance for the 
control and regulation of normal peacetime uses 
of nuclear technology in which control is exercised 
primarily at the source through the design and 
use of nuclear material. It represents a balance 
between the possible risk to the general public 
that might result due to exposures from routine 
uses of ionizing radiation and the benefits from 
the activities causing the exposure. 

Table 1 presents a summary of guidelines and 
related information on environmental radiation 
levels as set forth by the FRC for the conditions 
under which RPG’s are applicable. A more de- 
tailed discussion of these values was presented 
earlier (3). 

In the absence of specific dietary data one can 
use milk as the indicator food item for routine 
surveillance. Assuming a 1-liter per day intake of 
milk, one can utilize the graded approach of daily 
intake on the basis of radionuclide content in milk 
samples collected to represent general population 
consumption. Under these assumptions, the radio- 
nuclide concentrations in pCi/liter of milk can 
replace the daily radionuclide intake in pCi/day 
in the three graded ranges. 
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Table 1. 


Radiation Protection Guides—FRC recommendations and related information pertaining to 


environmental levels during normal peacetime operation 





RPG for in- 
dividual in the 


Guidance for suitable samples of exposed population group* 





Radionuclide Critical organ general 
population 


(rad /a) 


RPG Corresponding con- 
(rad/a) 


Range II 
(pCi/day)> 


Range III 
(pCi/day)> 


Range I 
tinuous daily intake} (pCi/day)> 


(pCi/day) 





Bone marrow 
Thyroid 
Whole body 











42,000 0-200 
4 200 0-20 


100 0-10 
3,600 0-360 


200-2 ,000 
20-200 


10-100 
360-3 ,600 


2 ,000-20 ,000 
200-2 ,000 


100-1 ,000 
3 ,600-36 ,000 

















* Suitable samples which represent the limiting conditions for this guidance are: strontium-89, strontium-90—general population; iodine-131— 


children 1 year of age; cesium-137—infants. 
oB on an average intake of 1 liter of milk per day. 


¢ A dose of 1.5 rad/a to the bone is estimated to result in a dose of 0.5 rad/a to the bone marrow. 

4 For strontium-89 and strontium-90, the Council’s study indicated that there is currently no operational requirement for an intake value as high as one 
corresponding to the RPG. Therefore, these intake values correspond to doses to the critical organ not greater than one-third the respective RPG. 

¢ The guides expressed here were not given in the FRC reports, but were calculated using appropriate FRC recommendations. 


Protective Action Guides (10, 11) 


The Protective Action Guide (PAG) has been 
defined by the Council as the projected absorbed 
dose to individuals in the general population that 
warrants protective action following a contamina- 
ting event. A PAG provides general guidance for 
the protection of the population against exposure 
by ingestion of contaminated foods resulting from 
the accidental release or the unforeseen dispersal 
of radioactive materials in the environment. A 
PAG is also based on the assumption that such an 
occurrence is an unlikely event, and circumstances 
that might involve the probability of repetitive 
occurrences during a 1 or 2-year period in a par- 
ticular area would require special consideration. 


Protective actions are appropriate when the health 
benefits associated with the reduction in exposure 
to be achieved are sufficient to offset the unde- 
sirable features of the protective actions. 

Table 2 presents a summary of guidelines as 
set forth by the FRC for the conditions under 
which PAG’s are applicable. A more detailed 
discussion of these values was presented earlier 
(3). Also given in table 2 are milk concentrations 
for each of the radionuclides considered, in the 
absence of others, which if attained after an acute 
incident, would result in doses equivalent to the 
appropriate PAG. These concentrations are based 
on a projection of the maximum concentration 
from an idealized model for any acute deposition 
and the pasture-cow-milk-man pathway, as well as 


Table 2. Protective Action Guides—FRC recommendations and related information 
pertaining to environmental levels during an acute contaminating event 





Critical 
Radionuclide organ 


PAG for individ- 
in general 
population 
(rads) 


Category (pasture-cow-milk) 





Guidance for suitable sample, children 
year of age 





Maximum concentration in 
PAG milk for single nuclide 
(rads) that would result in PAG 
(pCi/liter) 





Strontium-89 
Bone marrow-- 


Bone marrow--| 10 in first yr; 
total dose not to 
Cesium-137 ole body...| exceed 15*-> 


3 in first yr; total *1,110,000 
dose not to exceed °51 ,000 
Bab °720 ,000 














10 #70 ,000 








* The sum of the projected doses of these three radionuclides to the bone marrow should be compared to the nu- 


merical value of the respective guide. 


> Total dose from strontium-89 and cesium-137 is the same as dose in first year; total dose from strontium-90 is 
5 times strontium-90 dose in first year for children approximately 1 year of age. 
values represent concentrations that set result in doses to the bone marrow or whole body equal to 


© These 
the PAG, if only the single radionuclide were present 


4 This concentration would result in the PAG dose based on intake before and after the date of maximum con- 


centration observed 


in milk from an acute contaminating event. A maximum of 84,000 


pCi/liter would result ina 


PAG dose if that F pny we of intake prior to the maximum concentration in milk is not considered. Children, 1 year 


of age, are assum 
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to be the critical segment of the population. 
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Figure 2. State and PMN milk sampling locations in the United States 


an estimate of the intake prior to reaching the 
maximum concentration. Therefore, these maxi- 
mum concentrations are intended for use in 
estimating future intake on the basis of a few early 
samples rather than in a retrospective manner. 


Data reporting format 


Table 3 presents the integrated results of the 
international, national, and State networks dis- 
cussed earlier. Column 1 lists all the stations which 
are routinely reported to Radiological Health Data 
and Reports. The relationship between the PMN 
stations and State stations is shown in figure 2. 
The first column under each of the radionuclides 
reported gives the monthly average for the station 
and the number of samples analyzed in that month 
in parentheses. When an individual sampling result 
is equal to or below the practical reporting level 
for the radionuclide, a value of zero is used for 
averaging. Monthly averages are calculated using 
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the above convention. Averages which are equal to 
or less than the practical reporting levels reflect the 
presence of radioactivity in some of the individual 
samples greater than the practical reporting level. 

The second column under each of the radio- 
nuclides reported gives the 12-month average for 
the station as calculated from the preceding 
12-month averages, giving each monthly average 
equal weight. Since the daily intake of radioactivity 
by exposed population groups, averaged over a 
year, constitutes an appropriate criterion for the 
case where the FRC radiation protection guides 
apply, the 12-month average serves as a basis for 
comparison. 


Discussion of current data 


In table 3, surveillance results are given for 
strontium-90, iodine-131, and cesium-137 for 
January 1970 and the 12-month period, February 
1969 to January 1970. Except where noted, the 
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Table 3. Concentration of radionuclides in milk for January 1970 and 12-month period, February 1969 through 
January 1970 





Radionuclide concentration 
(pCi/liter) 


. . Type 5 ee mf 
Sampling location wa 7 Strontium-90 | Iodine-131 } Cesium-137 
8: e 


Monthly | 12-month Monthly | 12-month Monthly | 12-month 
average> average average | average average> average 





UNITED STATES: ier eee 


Montgomery’* _ - - 


Palmere 10(4) | 





me tom OO 


NRK Qe an 





Sacramento* 

San Francisco* 

Del Norte 

Fresno-_-----_- 

Humboldt 

Los Angeles___-_ 

Mendocino- 

Sacramento 

San Diego- -- eee 
Santa Clara_.........- 


= 


NNNNNNWNHRNNO 


rr QWwour OS 


CIWwWNN Wt orto 
weg 


— AQ 


Northeast 

East - 

Southeast _ _ 

South Central___-- 





= 


Wilmington 
Washingtone 


— 


Northeast ___- 


Indianapolis* 
Northeast 
Southeast _ - - _ ---_- 
Central _ _ - 
Southwest 
Northwest 

Des Moines* 

Iowa City -- 

Des Moines 
Spencer 
Fredericksburg 
| eS 
Louisvilles__ 


© 00 00 S 00 SI G1 G9 © 00 00 00 0 G9 G9 > “3.00 “I 00 


4 = 

RNID OAGSANNAWONWDNANS HU 
— - 

oc 


To 
oo 





a 
ooooceo 


Grand Rapids 
Lansing 
Marquette 
ite icinwiven ubecinwind acai 
= South Haven 
Minn: Minneapolis¢ 
Bemidji 


=" 


—e 


_ 
NOWDONONGHKNWDHOGCSCO We Qa 


Worthington 
Minneapolis 
Fergus Falls 
: Little Falls 

Miss: Jackson® 

Mo: Kansas City* 
St. Louise 

Mont: 

Nebr: 

Nev: 
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See footnotes at end of table. 
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Table 3. Concentration of radionuclides in milk for January 1970 and 12-month period, February 1969 through 
January 1970—Continued 





Radionuclide concentration 
(pCi/liter) 





Type 
of 


Sampling location Strontium-90 


Monthly 
average> 


Iodine-131 


Monthly 
average> 


Cesium-137 
sample* 





12-month 
average 


12-month 
average 


Monthly 


average average> 


UNITED STATES—Continued 





Manchester* 


= 


ZZ 


L 


New York City _ - 
Syracuse _ - 
Charlottee 

Minot¢ 


NODONWSWWHOUNSOUNOW 


ENS WOM WNW eS Draw 
coocooocoooooosooscsco 


Oklahoma City* 
Oklahoma City 


2 Z2ZZZZ 
FruDnnnn 


_ 


_ 
DEP WOOADWWNED 


Portland composite - 
Portland loca 


ZZ 
- 
OONSNHCAONTENH HAND 
- 


— 


Philadelphia 
Pittsburgh 
Providence® 
Charleston® 
Rapid C 
Chattanooga* 
Memphis¢ 
Chattanooga 


— : 4 
G Dw WIRMSCOOOCNSGOWHNWOUNSH PE REVUD 
— 


ZZZ 


mM 
_ 
CUSCUNooo@r ren 


_ 
_ 


Salt Lake Citys 
Burlingtone 


_ 
_ 


— 


Benton County 
Franklin County 
Sandpoint, Idaho 
Skagit County 


— Z 


_ 
=n 


W. Va: 
Wisc: 
Wyo: 
CANADA: 
Alberta: 


British Columbia 
Manitoba: 

New Brunswick: 
Newfoundland: 


Charleston 
Milwaukeee 
Laramie* 


See footnotes at end of table. 
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Table 3. Concentration of radionuclides in milk for January 1970 and 12-month period, February 1969 through 
January 1970—Continued 





Radionuclide concentration 
(pCi/liter) 





; , : Type 
Sampling location of 
sample® 


Strontium-90 


M onthly 
average 


Todine-131 Cesium-137 





Monthly 
average> 


12-month 
average 


Monthly 
average> 


12-month 


average average 





CANADA—Continued 


Halifax 
Ls thn ao 


Nova Scotia: 
Ontario: 


Quebec: 
Saskatchewan: 


a-ha ha he~he~ha~he~he-he~a°) 


CENTRAL AND SOUTH AMERICA: 





Columbia: 
Chile: 


Ecuador: 
Jamaica: 
Venezuela: 
Canal Zone: 
Puerto Rico: 


Cara 
Gristobale 
San Juane 


ba~ha~ha-ha-ha-he-has] 





— tt 
aouoe 


_ 
On OQ 


NAH DIB AwbW 








PMN network average! 











“| WOonNrOCON 
“| Ceonroonw 
o|;cooooooco 
=) scokone 














® P, pasteurized milk. 
R, raw milk. 


b When an individual sampling result was equal to or less than the practical reporting level, a value of ‘‘0”’ was used for averaging. Monthly averages less 
than the practical reporting level reflect the fact that some but not all of the individual samples making up the average contained levels greater than the 
oars reporting level. When more than one analysis was made in a monthly period, the number of samples in the monthly average is given in parentheses. 

S Pasteurised 1 Milk Network station. All other sampling locations are part of the State or National network. 


4 Po tiomenide analysis not euiaey performed. 
¢ The practical reporting levels for t 


than the we reporting levels: 
ne-131: Colorado—25 pCi/liter 
Michigan—14 pCi/liter 
Oregon—15 pCi/liter 
‘he entry = the average radionuclide concentrations for the PHS Se 
no ana 
Ns, no anual collected. 


monthly average represents a single sample for the 
sampling station. Strontium-89 and barium-140 
data have been omitted from table 3 since levels at 
the great majority of the stations for January 1970 
were below the respective practical reporting levels. 
Averages for those stations at which strontium-89 
was detected were Del Norte, Calif., 8 pCi/liter; 
Minot, N. Dak., 9 pCi/liter; and Dallas, Tex., 
6 pCi/liter. 

Iodine-131 results are included in the table even 
though they were generally below practical 
reporting levels. Because of the lower values 
reflected by the radiation protection guidance 
provided by the Federal Radiation Council 
(table 1), levels in milk for this radionuclide are of 
particular public health interest. In general, the 
practical reporting level for iodine-131 is numeri- 
cally equal to the upper value of Range I (10 pCi/ 
liter) of the FRC radiation protection guide. 


May 1970 


ese networks differ from the general ones given in the text. Sampling results for the networks were equal to or less 


Cesium-137: Colorado—25 pCi/liter 
| oad York—20 pCi/liter 


Strontium-90: New York—3 pCi/liter 


on—15 pCi/liter 
ilk Network stations denoted by footnote ¢. 


Strontium-90 monthly averages ranged from 0 
to 18 pCi/liter in the United States for the month 
of January 1970, and the highest 12-month average 
was 19 pCi/liter (Del Norte, Calif., and Duluth, 
Minn.), representing 9.5 percent of the Federal 
Radiation Council radiation protection guide 
(table 1). Cesium-137 monthly averages ranged 
from 0 to 59 pCi/liter in the United States for the 
month of January 1970, and the highest 12-month 
average was 86 pCi/liter (Southeast Florida) 
representing 2.4 percent of the value presented in 
this report using the recommendations given in the 
Federal Radiation Council reports. Of particular 
interest are the consistently higher cesium-137 
levels that have been observed in Florida (12) and 
Jamaica. Iodine-131 results for individual samples 
were all below the practical reporting level except 
Dauphin, Pa., 11 pCi/liter and Erie, Pa., 15 
pCi/liter. 
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Food and Diet Surveillance 


Efforts are being made by various Federal and 
State agencies to estimate the dietary intake of 
selected radionuclides on a continuing basis. These 
estimates along with the guidance developed by 
the Federal Radiation Council, provide a basis for 
evaluating the significance of radioactivity in foods 
and diet. 


Program 
Connecticut Diet Study 


Radionuclides in Institutional Diet 
Samples, PHS 
Strontium-90 in Tri-City Diets, HASL 


May 1970 


July-December 1968, 


Networks presently in operation and reported 
routinely include those listed below. These net- 
works provide data useful for developing estimates 
of nationwide dietary intakes of radionuclides. 
Programs most recently reported in Radiological 
Health Data and Reports and not covered in this 
issue are as follows: 


Period reported Issue 


February 1970 





and January-June 1969 


April-June 1969 
August-December 1968 


January 1970 
December 1969 





1. Estimated daily intake of radionuclides in 
California diets, October-December 1968 
and January-March 1969 


Bureau of Radiological Health 
California State Department of Public Health 


The Bureau of Radiological Health, California 
State Department of Public Health, has made 
estimates of radionuclide levels in the diets of 
Californians since January 1964 (1). 

It is recognized that a “standard” or “typical’’ 
diet does not exist because of variations in indi- 
vidual tastes, therefore an effort was made to 
select a diet which was reasonably representative 
of the food consumed in a given area. This 
objective was met by utilizing the “house” diet of 
a hospital in each of the 20 geographic areas of 
interest (figure 1). 


Hospitals were chosen as the source of diet 
samples under the hypothesis that their diets are 
as “reasonably representative’ as any other. 
General hospitals exist in each of the 20 selected 
geographic areas and operate with trained dieti- 
tians. There is good reason to believe that hospitals 
utilize foods which are marketed in their respective 
communities. Also, working relations for entry into 
hospitals existed through the State Bureau of 
Nutrition and Hospitals. 


Sampling procedure 


In general, the sampling procedure is the same 
at each hospital. Samples are collected every 3 
months at each facility. Each sample represents 
the edible portion of a regular meal (the standard 
diet) for a full 7-day week (21 consecutive meals). 

After each sample is collected, it is suitably 
preserved and shipped to the Sanitation and 
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Figure 1. California diet sampling stations 
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Table 1. 


Estimated daily intake of radionuclides in California diets*, October-December 1968 
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® Based on analyses of Hospital Standard Diets located in listed cities. Zirconium-95, manganese-54, and cerium-141, -144, were zero during this period. 


> Kilograms of food per person per day in this diet. 


e Natural potassium contains 0.0119 percent of radioactive potassium-40. 
4 When the counting rate of the sample is not equal to at least twice the 0.95 error, the value reported in the best available estimate, but is not sta- 


tistically significant. 
NS, no sample. 


Table 2. Estimated daily intake of radionuclides in California diets*, January-March 1969 





Consumption 
(kg /capita- 
day») 


Intake 
(pCi/capita-day) 


Intake 
(g/capita-day) 
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® Based on ae 
> Kilograms of food per person per day in this diet. 


of Hospital Standard Diets located in listed cities. Zirconium-95, manganese-54, and cerium-141, -144, were zero during this period. 


¢ Practical reporting levels are: strontium-89, 2 pCi/capita-day; zirconium-niobium-95, 7 pCi/capita-day; manganese-54, 7 pCi/capita-day; cerium- 


141-144, 10 pCi/capita-day. 


4 Natural potassium contains 0.0119 percent of radioactive potassium-40. 


Radiation Laboratory of the State Department of 
Public Health. Accompanying each sample is a 
record prepared by the dietitians indicating the 
types and quantities of food included. 


Analytical procedures 


After being weighed at the laboratory, each 
sample is homogenized and analyzed for gamma- 


May 1970 


ray emitters, then dried and ashed prior to analysis 
for strontium-89, strontium-90, radium-226, stable 
calcium, and sodium. 


Data and discussion 


The resultant estimates of daily intake of 
radionuclides in the California diets are given in 
table 1 (October-December 1968), table 2 (Jan- 
uary—March 1969). 
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It should be noted that levels of radioactivity REFERENCE 


were observed to be far below those levels for (1) STATE OF CALIFORNIA DEPARTMENT OF 


; ; PUBLIC HEALTH, BUREAU OF RADIOLOGICAL 
which consideration should be given to protective HEALTH. Radiol Health News 4:4 (October 1965). 2151 


health action. A summary of strontium-90 and Berkeley Way, Berkeley, Calif., 94704. 
cesium-137 intake trends in California diets from 

January 1964 through March 1969 is given in 

figures 2 and 3. 
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Figure 2. Averages and ranges of daily strontium-90 intake in California diets, 
1965-March 1969 
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Figure 3. Averages and ranges of daily cesium-137 intake in California diets, 
1965=-March 1969 


Recent coverage in Radiological Health Data and Reports: 
Peri Issue 
July—October 1967 May 1968 
November—December 1967, and 

January—September 1968 May 1969 
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SECTION If. WATER 


The Public Health Service, the Federal Water 
Pollution Control Administration and other Fed- 
eral, State, and local agencies operate extensive 
water quality sampling and analysis programs 
for surface, ground, and treated water. Most of 
these programs include determinations of gross 
beta and gross alpha radivactivity and specific 
radionuclides. 

Although the determination of the total radionu- 
clide intake from all sources is of primary im- 
portance, a measure of the public health im- 
portance of radioactivity levels in water can be 
obtained by comparison of the observed values 
with the Public Health Service Drinking Water 
Standards (1). These standards, based on con- 
sideration of Federal Radiation Council (FRC) 
recommendations (2-4), set the limits for approval 
of a drinking water supply containing radium-226 
and strontium-90 as 3 pCi/liter and 10 pCi/liter, 


respectively. Limits may be set higher if the total 
intake of radioactivity from all sources remains 
within the guides recommended by FRC for con- 
trol action. In the known absence! of strontium—90 
and alpha-particle emitters, the limit is 1,000 pCi/ 
liter gross beta radioactivity, except when addi- 
tional analysis indicates that concentrations of 
radionuclides are not likely to cause exposures 
greater than the limits indicated by the Radiation 
Protection Guides. Surveillance data from a num- 
ber of Federal and State programs are published 
periodically to show current and long-range trends. 
Water sampling activities recently reported in 
Radiological Health Data and Reports are listed 
below. 


' Absence is taken to mean a negligibly small fraction of 
the specific limits of 3 pCi/liter and 10 pCi/liter for unidenti- 
fied alpha-particle emitters and strontium-90, respectively. 


Water sampling program 
California 
Colorado River Basin 
Minnesota 
New York 
North Carolina 
Radiostrontium in Tap Water, HASL 
Washington 


Period reported 
January—June 1968 
1967 
January—June 1969 
July-December 1968 
January—December 1967 
July-December 1968 
July 1967—June 1968 


Issue 


December 1969 
December 1968 
January 1970 
September 1969 
May 1969 
November 1969 
June 1969 
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(1) U.S. PUBLIC HEALTH SERVICE. Drinking water 
standards, revised 1962, PHS Publication No. 956. 
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(2) FEDERAL RADIATION COUNCIL. Radiation Pro- 
tection Guidance for Federal Agencies. Memorandum for 
the President, September 1961. Reprint from the Federal 
Register of September 26, 1961. 
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material for the development of Radiation Protection 
Standards, Report No. 1. Superintendent of Documents, 
U.S. Government Printing Office, Washington, D.C. 
20402 (May 1960). 

(4) FEDERAL RADIATION COUNCIL. Background 
material for the development of Radiation Protection 
Standards, Report No. 2. Superintendent of Documents, 
U.S. Government Printing Office, Washington, D.C. 20402 
(September 1961). 
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SECTION III, AIR AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in air 
and precipitation provides one of the earliest 
indications of changes in environmental fission 
product radioactivity. To date, this surveillance 
has been confined chiefly to gross beta-radio- 
analysis. Although such data are insufficient to 
assess total human radiation exposure from fallout, 
they can be used to determine when to modify 
monitoring in other phases of the environment. 

Surveillance data from a number of programs 
are published monthly and summarized periodi- 


Network 


Fallout in the United States 
and Other Areas, HASL 
Plutonium in Airborne 
Particulates and Precipitation 


May 1970 


January—June 1968 


April-June 1968 


cally to-show current and long-range trends of 
atmospheric radioactivity in the Western Hem- 
isphere. These include data from activities of the 
U.S. Public Health Service, the Canadian Depart- 
ment of National Health and Welfare, the Mexican 
Commission of Nuclear Energy, and the Pan 
American Health Organization. In addition to those 
programs presented in this issue, the following 
programs were previously covered in Radiological - 
Health Data and Reports. 


Period Issue 
October 1969 


October 1969 





1. Radiation Alert Network 
January 1970 


Bureau of Radiological Health 
U.S. Public Health Service 


Surveillance of atmospheric radioactivity in the 
United States is conducted by the Radiation Alert 
Network (RAN) which regularly gathers samples 
at 73 locations distributed throughout the country 
(figure 1). Most of the stations are operated by 
State health department personnel. 

The station operators perform “field estimates” 
on the airborne particulate samples at 5 hours 
after collection, when most of the radon daughter 
products have decayed, and at 29 hours after 
collection, when most of the thoron daughter 


products have decayed. They also perform field 
estimates on dried precipitation samples and 
report all results to appropriate Bureau of 
Radiological Health officials by mail or telephone 
depending on levels found. A compilation of the 
daily field estimates is available upon request from 
the Radiological Surveillance Branch, Division of 
Environmental Radiation, BRH, Rockville, Md. 
A detailed description of the sampling and 
analytical procedures was presented in the April 
1968 issue of Radiological Health Data and Reports. 

Table 1 presents the monthly average gross beta 
radioactivity in surface air particulates and 
deposition by precipitation, as measured by the 
field estimate technique, during January 1970. 
Time profiles of gross beta radioactivity in air for 
eight Radiation Alert Network stations are shown 
in figure 2. 

All field estimates reported were within normal 
limits for the reporting station. 
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Figure 1. Radiation Alert Network sampling stations 
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Table 1. Gross beta radioactivity in surface air and precipitation, January 1970 





Precipitation 

Air surveillance 

. ; gross beta radioactivity 

Station location Number (pCi/m*) a Number Field estimation of deposition 
of in of Total |__ A 

samples samples | depth 

(mm) ‘i D Total 


of deposition 
Maximum | Mini Average®* (nCi/m?) 








Montgomery Dec 69 
Adak Dec 69 
Anchorage Aug 69 
Attu Island f Jan 70 
Fairbanks Sept 69 


Oct 69 
Nov 69 


Mar 70 
Point Barrow Feb 70 


St. Paul Island Apr 70 
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* The monthly average is calculated by weighting the field estimates of individual air les with length of sampling period. 
> No report received. (Air samp'es received without field estimate data are not cunsideedl by the data program.) 

¢ No precipitation sample collec 

4 This station is part of the plutonium i in precipitation network. No gross beta measurements are done. 

e Samples were collected but no field estimates were received. 
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Figure 2. Monthly and yearly profiles of beta radioactivity in air—Radiation Alert Network, 1964-January 1970 
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2. Canadian Air and Precipitation Monitoring Surface air and precipitation data for January 
Program', January 1970 1970 are presented in table 2. 


Table 2. Canadian gross beta radioactivity in surface 


"7 ‘ ——- air and precipitation, January 1970 
Radiation Protection Division 


Department of National Health and Welfare 





Air surveillance gross Precipitation 
beta radioactivity measurements 
(pCi/m*) 
| Number | iw ie ae cee ras 

Station ° Average| Total 


| 
| 
samples | Maxi- Mini- | concen- | deposi- 


mum | mum | Average| tration tion 


The Radiation Protection Division of the \ of ny 
Canadian Department of National Health and 9 ————————~-———— 
Welfare monitors surface air and precipitation in Coral Harbour. 
connection with its Radioactive Fallout Study Fi, Churchill. ___ 
Program. Twenty-four collection stations are Fredericton 
located at airports (figure 3), where the sampling —_fieklar == 
equipment is operated by personnel from the ‘™™ 
Meterological Services Branch of the Department  Momones.. 
of Transport. Detailed discussions of the sampling —Quebee 
procedures, methods of analysis, and interpretation 
of results of the radioactive fallout program are  S° 9's" Nii 
contained in reports of the Department of National “***°™" 
Health and Welfare (1-5). Tender Sag... 
A summary of the sampling procedures and = }oront0----------- 
methods of analysis was presented in the May _ whitehorse 
1969 issue of Radiological Health Data and Reports. Winniper 
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1 Prepared from information and data obtained from the 
Canadian Department of National Health and Welfare, 
Ottawa, Canada. 





* Effective January 1, 1970, the City of Fort William officially changed 
its name to Thunder Bay. 
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Figure 3. Canadian air and precipitation sampling stations 
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3. Mexican Air Monitoring Program 


November 1969 


National Commission of Nuclear Energy 
México, D.F. 


The Radiation Surveillance Network of México 
was established by the Comisién Nacional de 
Energia Nuclear (CNEN), México, D.F. From 
1952 to 1961, the network was directed by the 
Institute of Physics of the University of Mexico, 
under contract to the CNEN. 

In 1961, the CNEN appointed its Division of 
Radiological Protection to establish a new Radia- 
tion Surveillance Network. In 1966, the Division 
of Radiological Protection was restructured and 
its name changed to Direccién General de 
Seguridad Radiolégica (DRS). The network con- 
sists of 16 stations (figure 4), 11 of which are 
located at airports and operated by airline 
personnel. The remaining five stations are located 
at México, D.F.; Mérida; Veracruz; San Luis 
Potosi; and Ensenada. Staff members of the DRS 
operate the station at México, D.F., while the 
other four stations are manned by members of the 
Centro de Previsién del Golfo de México, the 


Chemistry Department of the University of 
Mérida, the Institute de Zonas Desérticas of the 
University of San Luis Potosi, and the Escuela 
Superior de Ciencias Marinas of the University of 
Baja California, respectively. 


Sampling 


The sampling procedure involves drawing air 
through a high-efficiency 6 by 9-inch glass-fiber 
filter for 20 hours a day, 3 or 4 days a week at the 
rate of 1,000 cubic meters per day using high 
volume samplers. 

After each 20-hour sampling period, the filter is 
removed and shipped via airmail to the Seccién de 
Radioactividad Ambiental, CNEN, in México, 
D.F., for assay of gross beta radioactivity, allowing 
a minimum of 3 or 4 days after collection for the 
decay of radon and thoron daughters. The data are 
not extrapolated to the time of collection. Statisti- 
cally, it has been found that a minimum of five 
samples per month was needed to get a reliable 
average radioactivity at each station (6). 

The maximum, minimum, and average beta 
radioactivity in surface air during November 1969 
is presented in table 3. 
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Figure 4. Mexican air sampling locations 
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Table 3. Mexican gross beta radioactivity of airborne 


particulates, November 1969 





Gross beta radioactivity 
Number (pCi/m*) 
Station of 


samples 
| 





Maximum | Minimum 





Acapulco ¢ 0.1 
Chihuahua y 3 
Ciudad Juarez 1S 
Ensenada 


Guadalajara -- 
Guaymas - - -_ - 
La Paz 
Matamoros 


Mazatlan _ - 

Mérida - 

 — ee ‘ 
Nuevo Laredo 

















NS, no sample, station temporarily shutdown. 





4. Pan American Air Sampling Program 
January 1970 


Pan American Health Organization and 
U.S. Public Health Service 


Gross beta radioactivity in air is monitored by 
countries in the Americas under the auspices of 
the collaborative program developed by the Pan 
American Health Organization (PAHO) and the 
U.S. Public Health Service (PHS) to assist 
PAHO-member countries in developing radio- 
logical health programs. 

The air sampling station locations are shown in 
figure 5. Analytical techniques were described in 
the January 1968 issue of Radiological Health Data 
and Reports. The January 1970 air monitoring 
results from the participating countries are given 
in table 4. 
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Figure 5. Pan American Sampling Program stations 


Table 4. Summary of gross beta radioactivity in Pan 


American surface air, January 1970 





Gross beta radioactivity 
(pCi/m*) 
Station 





Maximum | Minimum | Average 





Argentina: 
Buenos Aires 


West Indies: 
Trinidad 








Pan American summary--_-_- . 0.00 














* The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values less than 0.005 pCi/m® are reported 
and used in averaging as 0.00 pCi/m!. 

NS, no sample. 
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SECTION IV. OTHER DATA 


This section presents results from routine 
sampling of biological materials and other media 
not reported in the previous sections. Included here 


are such data as those obtained from human bone 
sampling, Alaskan surveillance, and environmental 
monitoring around nuclear facilities. 





Strontium-90 in Human Bone, April-June 1969' 


Bureau of Radiological Health 
U.S. Public Health Service 


To obtain data on the concentration of stron- 
tium-90 in man by age and geographical region, 
the Public Health Service began collecting human 
bone specimens in late 1961. Analyses of selected 
samples of people in older-age groups have shown 
their bone strontium-90 content to be low and 
age-independent (1). Consequently, the target 
population includes children and young adults up 
to 25 years of age. 

Although a few samples come from living persons 
as a result of surgical procedures, the majority are 
obtained post mortem. In the latter case, the spec- 
imens are limited to accident victims or persons 
who have died of an acute disease process that was 
not likely to impair bone metabolism. For 
analytical purposes, a sample of at least 100 grams 
of wet bone is desired. Generally, this amount is 


1Period during which death or surgical procedure 
occurred. 
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readily available from older children, but it 
presents some difficulties from the standpoint of 
infants and children under 5 years of age. Most 
specimens received to date have been vertebrae and 
ribs. 


Laboratory procedures 


The bones are analyzed at the Northeastern 
Radiological Health Laboratory of the Bureau of 
Radiological Health at Winchester, Mass. Sample 
collection and preparation are explained elsewhere 
(2). Strontium-90 is measured by tributyl phos- 
phate extraction of its yttrium daughter, which is 
precipitated as an oxalate. The strontium-90 
content is then calculated (3) from the yttrium-90 
activity. For the purpose of maintaining analytical 
reproducibility, “blind” duplicate analyses are 
performed on 10 to 20 percent of the samples. 








Figure 1. Georgraphical regions for human bone sampling 
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Table 1. Strontium-90 in human bone, April-June 1969 
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See footnotes at end of table. 
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Table 1. 


Strontium-90 in human bone, April-June 1969—Continued 





2 Bone 
Bone region and State 
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® V, vertebrae; R, rib; I, ilium; T, tibia. 
b Age given as of last birthday prior to death. 
¢ Two-sigma counting error. 


The analytical results for strontium-90 in 
individual bones from persons dying during the 
second quarter (April-June) of 1969 are presented 
in table 1 in order of increasing age within each 
geographical region. These regions are indicated in 
figure 1. Reported values are given in picocuries of 
strontium-90 per kilogram of bone (as a rough 
indication of dose) and per gram of calcium (for 
comparison with other data and for purposes of 
model development). Two-sigma counting errors 
are reported for the bone concentration. 

Following the pattern of earlier reports, sub- 
sequent articles will continue to provide interpreta- 
tion of the data at appropriate stages in the 
program (2-6). 
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Environmental Levels of Radioactivity at Atomic Energy 


Commission Installations 


The U.S. Atomic Energy Commission (AEC) 
receives from its contractors semiannual reports 
on the environmental levels of radioactivity in the 
vicinity of major AEC installations. The reports 
include data from routine monitoring programs 
where operations are of such a nature that plant 
environmental surveys are required. 

Releases of radioactive materials from AEC 
installations are governed by radiation standards 


set forth by AEC’s Division of Operational Safety 
in directives published in the “AEC Manual.” 

Summaries of the environmental radioactivity 
data follow for the Oak Ridge Area and the 
Savannah River Plant. 


1 Title 10, Code of Federal Regulations, Part 20, ‘‘Stand- 
ards for Protection Against Radiation” contains essentially 
+ ~ es published in Chapter 0524 of the AEC 

anual. 





1. Oak Ridge Area’ 
January-June 1969 


Union Carbide Nuclear Company 
Oak Ridge, Tenn. 


Oak Ridge area is a complex made up primarily 
of the Y-12 Plant, the Oak Ridge National 
Laboratory (ORNL), and the Oak Ridge Gaseous 
Diffusion Plant (ORGDP). 

Radioactive waste materials arising from the 
operation of atomic energy installations in the Oak 
Ridge area are collected, treated, and disposed of 
according to their physical states. Solid wastes are 
buried in a Conasauga shale formation which has a 
marked ability to fix radioactive materials by an 
ion exchange mechanism. Liquid wastes which 
contain long-lived fission products are confined in 
storage tanks or are concentrated by evaporation 
and disposed of in deep wells. Low-level liquid 
wastes are discharged, after preliminary treatment, 
to the surface streams. Air that may become 
contaminated by radioactive materials is exhausted 
to the atmosphere from several tall stacks after 
treatment by means of filters, scrubbers, and/or 
precipitators. 


Air monitoring 


Atmospheric contamination by radioactive ma- 
terials occurring in the general environment of 
East Tennessee is monitored by two systems of 


_? Summarized from Environmental Levels of Radioac- 
tivity for the Oak Ridge Area, (Report Period, January- 
June 1969). Health Physics and Safety Section, Health 
Physics Division, Oak Ridge National Laboratory. 
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monitoring stations. One system consists of nine 
stations which encircle the plant areas (figure 1) 
and provide data for evaluating the impact of all 
Oak Ridge operations on the immediate environ- 
ment. A second system consists of eight stations 
encircling the Oak Ridge area at distances from 12 
to 75 miles (figure 2). This system provides data 
to aid in evaluating local conditions and to assist 
in determining the spread or dispersal of con- 
tamination should a major incident occur. 

Sampling for radioactive particulates is carried 
out by passing air continuously through a filter 
paper. Average radioactivity concentrations are 
presented in tables 1 and 2. Airborne radioactive 
iodine is monitored in the immediate environment 
of the plant areas by passing air through a 
cartridge containing activated charcoal. 

During the January-June 1969 surveillance 
period, 234 samples were collected from perimeter 
monitoring stations and analyzed for iodine-131. 
Of these, the maximum concentration detected was 
0.49 pCi/m’, the minimum was less than 0.01 
pCi/m*, and the average was 0.02 pCi/m*. The 
radiation protection standard specified in the AEC 
Manual for iodine-131 in the ambient atmosphere 
in uncontrolled areas is 100 pCi/m’. 


Milk monitoring 


Raw milk is monitored for iodine-131 and 
strontium-90 by the collection and analysis of 
samples from 12 sampling stations located within 
a radius of 50 miles of ORNL. Samples are collected 
weekly at each of eight stations located on the 
fringe of the Oak Ridge area. Four stations, 
located more remotely with respect to the Oak 


Radiological Health Data and Reports 








May 1970 


LEGEND 

we OAK R — AREA BOUNDARY 
@ ceeimeter Aik SAMPLIN 
A WATER SAMPLIN 


ASTE 





TATION 
SAL PITS INCO 





OAK RIDGE 
AREA 





: 20 ry 


A e"’- 4 


eS-= 





LEGEND: 


@®) City 


Monitoring Station 


Figure 1. Oak Ridge Area—environmental sampling locations 
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Figure 2. Remote air monitoring stations, Oak Ridge Area 








Table 1. 


Long-lived gross beta radioactivity of particulates in air, Oak Ridge Area, January-June 1969 





Perimeter stations 





Concentration 
(pCi/m*) 


Station Number 
number of 
(figure 1) samples 
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of AEC 
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(pCi/m*) 


Station 
number 
(figure 2) 
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of AEC 
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® The applicable AEC Radiation Protection Standard is 100 pCi/m‘. 
b Sampling frequency—5 days per week. 


Table 2. Long-lived gross alpha radioactivity of particulates in air, Oak Ridge Area, January-June 
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Remote stations 





Concentration 
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| of AEC 
standard® 


Concentration 
(pCi/m?) Percent 
= of AEC 
standard*® 


Station Number 
number 


(figure 2) 





oO 
samples 


Maximum | Minimum | Average 





< 
< 
< 
<. 
< 
<. 
< 
<. 


<0.001 
-001 


AAAAAAA 























A 
~ 
s 




















® The applicable AEC Radiation Protection Standard for natural uranium in air is 2 pCi/m*. 


b Sampling frequency—5 days per week. 


Table 3. Radionuclides in raw milk, Oak Ridge Area 


January-June 1969 





Concentration (pCi/liter) 
Radionuclide and location 


Maximum | Minimum*| Average 


Iodine-131: ’ 
Immediate environs 
Remote environs 


Strontium-90: é 
Immediate environs 
Remote environs 














* The minimum detectable concentrations of iodine-131 and strontium-90 
in milk are 10 pCi/liter and 2 pCi/liter, respectively. In averaging, one- 
half of the minimum detectable concentration was used for all samples 
showing an activity less than this concentration. 


Ridge operations, are sampled at a rate of one 
station each week. The purpose of the milk 
sampling program is twofold: first, samples 
collected in the immediate vicinity of the Oak 
Ridge area provide data by which one may 
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evaluate possible exposure to the neighboring 
population resulting from waste releases from Oak 
Ridge operations; second, samples collected at the 
more remote stations provide background data 
which are essential in establishing the proper index 
for the evaluation of data obtained from local 
samples. The concentrations of iodine-131 and 
strontium-90 detected in raw milk samples during 
the period are given in table 3. 


Water monitoring 


Large volume, low-level liquid wastes originating 
at ORNL are discharged, after some preliminary 
treatment, into the Tennessee River system by way 
of White Oak Creek and the Clinch River. Liquid 
wastes originating at the ORGDP and Y-12 Plant 
are discharged to Poplar Creek and thence to the 
Clinch River. Releases are controlled so that 
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resulting average concentrations in the Clinch 
River comply with AEC radiation protection 
standards. The radioactivity concentration from 
White Oak Creek is measured, and concentration 
values for the Clinch River are calculated on the 
basis of the dilution provided by the river. 

Water samples are taken at a number of locations 
in the Clinch River, beginning at a point above the 
entry of wastes into the river and ending at 
Center’s Ferry near Kingston, Tenn. Stream 
gauging operations are carried on continuously to 
obtain dilution factors for calculating the probable 
concentrations of wastes in the river. Samples are 
analyzed for the long-lived beta-particle emitters, 
uranium, and the transuranic alpha-particle 
emitters. 

Analyses are made of the effluent for the 
long-lived radionuclides only, since cooling time 
and hold up time in the waste effluent system are 
such that short-lived radionuclides are normally 
not present. The average concentrations of major 
radionuclides in the Clinch River are given in 
table 4 for the period from January through 
June 1969. 


Table 4. Concentrations of major radionuclides in the 
Clinch River, January-June 1969 





Average concentration (pCi/liter) 





Location on Clinch River* 
Radionuclide 





Mile: 4.5 
(Downstream) 


Mile: 23.1 
(Upstream) 


Mile: 20.8> 
(Outfall) 





Se Na 


o 














® The location on Clinch River is given in terms of the distance upstream 
from the Tennessee River (figure 1) 

b The concentrations at mile: 20.8 are not measured directly but the 
values are calculated based on the levels of waste released and the dilution 
provided by the river. 


Two quarterly composite water samples from 
the Clinch River were analyzed for uranium during 
this period. For these samples, the uranium 
concentrations were less than 1 pCi/liter, the level 
of detectability. The AEC radiation protection 
standard for natural uranium in water released to 
unrestricted areas is 20 nCi/liter. 


Gamma measurements 


External gamma radiation levels are measured 
monthly at a number of locations in the Oak Ridge 
area. Measurements are taken with a Geiger- 
Mueller tube at a distance of 3 feet above the 
ground. The results are shown in table 5. 


Discussion of data 


The average air contamination levels for gross 
beta radioactivity, as shown by the continuous air 
monitoring filter data, for both the immediate and 
remote environs of the plants (figures 1 and 2) was 
0.16 percent of the AEC radiation protection 
standard for uncontrolled areas. 

The average air contamination levels for gross 
alpha radioactivity, as shown by the continuous 
air monitoring filter data, for the immediate and 
remote environs of the plants were 0.10 percent 
and 0.05 percent, respectively, of the AEC 
radiation protection standard for natural uranium 
for uncontrolled areas. 

The average concentration of iodine-131 in air 
in the immediate environs of the plants was 0.02 
pCi/m‘. This is approximately 0.02 percent of the 
AEC radiation standard for uncontrolled areas. 

The average concentrations of iodine-131 in raw 
milk in the immediate and remote environs of the 
Oak Ridge area were both less than 10 pCi/liter. 
These levels fall within the limits of FRC Range I 


Table 5. External gamma radiation levels, Oak Ridge Area 
January-June 1969 





Radiation level (mR/h) 





Location 
January |February 


March i May June 


Average 





Solway Gate 0.011 
Y-12, East Portal -10 


d -O11 
Gallaher Gate d -013 
White Wing Gate d .010 














* The background in the Oak Ridge area, determined in 1943, was approximately 0.012 mR/h. 


NA, no analysis. 


May 1970 





if the average intake per individual is assumed to 
be 1 liter of milk per day. 

The average concentrations of strontium-90 in 
raw milk in the immediate and remote environs of 
the controlled areas were 21 pCi/liter and 17 
pCi/liter, respectively. The average for the 
immediate environs, 21 pCi/liter, falls near the 
lower limit of FRC Range II and the value for the 
remote environs, 17 pCi/liter, falls within the limits 


of FRC Range I for transient rates of daily intake 
of strontium-90 for application to the average of 
suitable samples of an exposed population. 
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June 1969 

January 1970 


January—June 1968 
July-December 1968 





2. Savannah River Plant’ 
January-June 1969 


E. I. duPont de Nemours 
Aiken, S.C. 


The Savannah River Plant (SRP), built and 
operated for the Atomic Energy Commission by 
E. I. duPont de Nemours and Company, occupies 
an area of 312 square miles along the Savannah 
River, 22 miles downstream from Augusta, Ga. 
Production facilities include a fuel preparation 
area, three reactors, two fuel separation areas, and 
a heavy water production plant. A basic goal in 
plant operation is total containment of radioactive 
waste. Although some very low level gaseous and 
liquid wastes are discharged to the environment in 
controlled releases, dispersal is adequate to ensure 
environmental concentrations below recommended 
guides. 

The DuPont Environmental Monitoring Group 
has maintained a continuous monitoring program 
since 1951 (before plant startup) to determine the 
concentrations of radioactive materials in a 1,200 
square mile area outside the plant. Included in this 
area are parts of Aiken, Barnwell, and Allendale 
counties in South Carolina, and Richmond, Burke, 
and Screven counties in Georgia. This surveillance 
determines the magnitude and origin of any 
radioactivity above natural levels. Measured con- 
centrations of radionuclides in air, water, and milk 
are compared with the AKC radiation protection 
standards as given in the AEC Manual. 

Sensitive instruments, which can detect traces 
of radioactive materials far below concentrations 
of hazard significance, are used to determine 
radioactivity in the environs. Plant-released 


’ Summarized from “Effect of the Savannah River Plant 
on Environmental Radioactivity, Semiannual Report, 
January-June 1969” (DPST 69-30-2). 
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radioactivity and atmospheric fallout are included 
in the reported concentrations. Maximum and 
minimum values given are for individual samples 
collected during the report period. 


Atmospheric monitoring 


Concentrations of radioactive materials in the 
atmosphere were measured by biweekly analyses 
of air filters collected at five monitoring stations 
near the plant perimeter and 10 stations around a 
circle of about a 25-mile radius from the center of 
the plant (figure 3). Deposition rates of radioactive 
material at each station were also determined by 
monthly analyses of rainwater ion exchange 
columns (fallout collectors). The monitoring 
stations are spaced so that a significant release of 
airborne radioactivity by SRP would be detected 
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Figure 3. Environmental sampling locations 
Savannah River Plant 
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regardless of the prevailing wind. All stations 
operate continuously. Four additional air monitor- 
ing stations at Savannah and Macon, Ga., and at 
Columbia and Greenville, S. C., are so distant 
from SRP that the effect of SRP operations is 
negligible; they are reference points for determin- 
ing background radioactivity levels (figure 4). 
This system permits comprehensive surveillance 
of atmospheric radioactivity and also makes it 
possible to differentiate between fallout and SRP 
releases. 
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Figure 4. Distant air monitoring stations 
Savannah River Plant 

The calculated average concentration of gross 
beta radioactivity in the Clinch River at mile 20.8 
(the point of entry of most of the wastes) and the 
measured average concentration at mile 4.5 (near 
Kingston, Tenn.) were 6.5 pCi/liter and 12 pCi/ 
liter, respectively. These values are 0.49 percent 
and 0.52 percent of the weighted average AEC 
radiation protection standards. The higher than 
normal average concentration reported for radio- 
activity at mile 23.1, Melton Hill Dam, was due 
primarily to cobalt-60. This contamination was 
found in the river upstream from the ORNL 
waste outfall and was the result of a source of 
contamination from a nuclear company upstream 
from Oak Ridge Operations. The average concen- 
tration of transuranic alpha-particle emitters in 
the Clinch River at mile 20.8 was 0.011 pCi/liter 
which is 0.01 percent of the AEC radiation 
protection standard for natural uranium. 

The average external gamma radiation measured 
in the town of Oak Ridge and at the perimeter of 
the Oak Ridge area was 0.013 mR/h, which is 
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approximately the same as that level measured 
during the period prior to Oak Ridge operations. 

A release of airborne ruthenium-103 and 
plutonium-238 during a 2-week period in April 
from a separations area, near the center of the 
plant, was evident at air monitoring stations near 
the plant perimeter. Ruthenium-103 concentration 
in air averaged 0.16 pCi/m? at the 25-mile radius 
stations (March 28-April 10), the maximum 
concentration was 0.21 pCi/m* at Langley. 
Ruthenium-103 at the plant perimeter averaged 
0.22 pCi/m* (March 28-April 14). The AEC 
standard for ruthenium-103 in air for the general 
population is 3,000 pCi/m*. Although plant-re- 
leased plutonium-238 could not be detected and 
identified beyond the manufacturing areas by 
gross alpha countmg of routine air filters, chemical 
separation of the alpha-particle emitters on the 
filter papers, followed by low-level counting and 
spectrometry, showed that plutonium-238 was 
detectable at the plant boundary by special 
techniques. The plutonium-238 percentage of the 
total plutonium radioactivity was slightly higher 
than that previously measured in surface air sam- 
ples exposed only to fallout. The plutonium-238 
was not detectable on the sample filters at 25 and 
100 miles from the plant even by the special 
separation and counting procedures. 

Curium-244 levels showed an increase for a 
brief period in June at one monitoring station near 
the plant boundary (location C, figure 3). Alpha 
radioactivity in air at the monitoring station near 
Jackson was 0.006 pCi/m* for June 5 through 
June 13, compared to 0.0007 pCi/m’ for May 
20—June 5. The AEC radiation protection standard 
for the general population is 0.3 pCi/m*. Increased 
deposition of alpha radioactivity also was measured 
at the location C monitoring station during June 
(0.19 nCi/m? as compared to about 0.008 at other 
locations). Release of more than the usual amount 
of curium-244 during a 10-minute period from a 
hot cell facility of the Savannah River Laboratory, 
combined with a northeasterly wind and a heavy 
rain, caused this localized condition. 

The small amount of filterable beta radioactivity 
released to the atmosphere, primarily from the fult 
separation areas, was obscured by fallout excepe 
during the April releases of ruthenium-103. The 
influence of nuclear tests, which resumed in 
September 1961, is shown in figure 5. The present 
low levels of atmospheric activity are attributed to 
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Figure 5. Influence of weapons tests 


the moratorium on above-ground nuclear tests, 
which began in 1962. The observed spring increases 
are anticipated and result primarily from the 
mixing of the stratospheric debris into the tropo- 
sphere. The average beta concentration in air 
increased from 0.09 to 0.16 pCi/m# during the first 
half of 1969. Gamma-emitting radionuclides in 
fallout were cesium-134-137, cerium-141-144, 
ruthenium-103-106, and zirconium-niobium-95. 
Radioactivity in air, determined from filter 
analyses, is shown in table 6. The January-June 
1969 concentrations of filterable beta radioactivity 
(0.16 pCi/m*) and alpha radioactivity (0.0008 
pCi/m*) in air were 0.16 and 1.1 percent of the 
respective AEC standards. Tritium oxide concen- 


trations in air at the plant perimeter and at the 
25-mile stations did not exceed 0.2 percent of the 
AEC standard. 

Deposition of fallout during January-June 1969 
totaled 22 nCi/m? at the plant perimeter locations 
and 21 nCi/m? at 25-mile radius locations; 
comparable values for the last half of 1968 were 7 
and 5 nCi/m?. Increased deposition of zirconium- 
niobium-95 and strontium-89 was observed during 
this period. Deposition at each sampling location is 
presented in table 7. 


Algae and fish in Savannah River 


Fish, predominantly bream, and indigenous 


Table 6. Radioactivity in air, Savannah River Plant, January-June 1969 
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Nonvolatile 
beta radioactivity» 
(pCi/m*) 
Maximum | Minimum 


22238 
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Specific radionuclides in composite samples 
(pCi/m*) 


141,144Ce | 103,106Ry | 99Zr-Nb 


Average 


























* AEC radiation protection standard—70 fCi/m'; sensitivity of analysis—0.3 fCi/m’. 
b AEC radiation protection standard—100 pCi/m!*; sensitivity of analysis—0.006 pCi/m’. 
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Table 7 


Total fallout deposited, Savannah River Plant, January-June 1969 
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algae, primarily green (Vaucheria) and blue-green 
(Phormidium), were collected weekly upstream 
from, adjacent to, and downstream from the 
Savannah River Plant effluents. Determination of 
radionuclides in algae is important because algae 
concentrate most radionuclides and also because 
of the role of algae in the food chain of aquatic 
organisms. Beta-particle concentrations in algae 
and fish adjacent to and downstream from SRP 
indicate some minor contribution by SRP. 
Although measurably higher than similar material 
collected at the control station upstream from SRP 
effluents, the increase is of no_ biological 
significance. 

Specific radionuclide analyses were made on 
algae and fish collected from the Savannah River. 
Radiocesium and radiostrontium were found con- 
sistently in river algae; whereas cerium-141, -144, 
chromium-51, zirconium-niobium-95, manganese- 
54, zinc-65, and cobalt-60 were detected less 
frequently. Radiostrontium (maximum, 24 pCi/g, 
wet weight) was detected in bone tissue of river 
fish, and radiocesium (maximum 7 pCi/g, wet 
weight) was detected in the flesh tissue. The 
maximum concentrations of phosphorus-32 de- 
tected in bone of river fish was 13 pCi/g; and the 
maximum phosphorus-32 in flesh of river fish was 
27 pCi/g. 


Water monitoring 


The plant site is drained by five streams that 
flow several miles through the reservation before 
reaching the river (figure 6). In January 1965, the 


May 1970 


Beaufort-Jasper Water Authority began operation 
of a new treatment facility to furnish drinking 
water, partially supplied from the Savannah 
River, to most of Beaufort County, South 
Carolina. Water is supplied through a new canal 
from the river at a location about 90 miles below 
the SRP. The city of Savannah also supplements 
its domestic well water supply with river water 
during periods of peak demand. The tritium 
concentrations in raw water collected from the 
Beaufort-Jasper Water Plant averaged <4 nCi/ 
liter (0.1 percent of the AEC standard) during the 
January-June 1969 period. The annual radiation 
exposure of an individual in this population due to 


Table 8. Radioactivity in public water supplies 
January-June 1969 
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* AEC radiation protection standard—10 pCi/liter, sensitivity of analy- 
cio—0. 2 rem /liter. 


radiation protection standard—3 nCi/liter, sensitivity of analy- 
as 0 pCi/liter. 
ND, nondetectable. 
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Figure 6. SRP production and effluent streams 


the consumption of water containing this con- 
centration of tritium is <0.7 mrem. This exposure 
may be compared with 40 mrem/a from natural 
potassium found in the human body or with the 
170 mrem/a specified by the Federal Radiation 
Council as the annual dose guide for members of 
the public. 

Communities near the plant get domestic water 
from deep wells or surface streams. Public water 
supplies from 14 surrounding towns were collected 
and analyzed in April. There was no evidence that 
SRP contributed radioactivity to drinking water 
supplies; concentrations of alpha radioactivity 
(1.1 pCi/liter) and beta radioactivity (5 pCi/liter) 
were essentially the same as those observed before 
plant startup. Radioactivity in public water 
supplies data are presented in table 8. 
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River water, analyzed weekly, was sampled 
continuously at four locations, as shown in figure 5. 
Concentrations of alpha and nonvolatile beta 
particle radioactivity in river water for the past 
year are presented in table 9. Average concentra- 
tions of specific radionuclides found in river water 
during January-June 1969 appear in table 10. 

Tritium, sulfur-35, and trace amounts of 
cesium-137, strontium-89, and strontium-90 were 
the radionuclides of SRP origin detectable in river 
water at the downstream location. Strontium-90 
and tritium from worldwide fallout were also 
detected in river water upstream from the Sa- 
vannah plant. 

Tritium, a beta-particle emitter and the most 
abundant radionuclide released to the river, is 
produced by neutron irradiation of heavy-water 
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Table 9. Radioactivity in Savannah River water, July-December 1968 and January-June 1969 





Alpha radioactivity*® 
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* AEC radiation protection standard—10 pCi/liter; sensitivity of analysis—0.2 pCi /liter. 
b AEC radiation protection standard—3 nCi/liter; sensitivity of analysis—4.0 pCi/liter. 
ND, nondetectable. 


Table 10. Average concentration of radionuclides 
January—June 1969 


in Savannah River water 
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ND, nondetectable, less than sensitivity of analysis. 


moderator in the reactors. Chromium-51 and 
sulfur-35 (also a beta-particle emitter), the second 
and third most abundant radionuclides released to 
the river, are produced by neutron irradiation of 
stable chromium and stable sulfur. Tritium and 
chromium-51 are among the least dangerous of all 
radionuclides because neither concentrates in body 
tissues. The tritium, chromium-51 and sulphur-35 
concentrations in river water averaged 0.20, 
<0.001 and 0.006 percent of the AEC radiation 
protection standards, respectively. 


Vegetation 


Radioactive contamination of growing plants 
may result from deposition on foliar surfaces or 
sorption of radioactive materials from the soil. 


May 1970 


Grass samples were collected at seven locations 
along the plant perimeter and at seven other 
locations along a 25-mile radius route (these are 
not designated on figure 2). Bermuda grass was 
selected for analysis because of its importance as a 
pasture grass for dairy herds and its availability 
during all seasons of the year. Samples from each 
quadrant of the plant site and of the surrounding 
area were composited for monthly analysis. 
Gamma-emitting radionuclides in grass samples 
(excluding beryllium-7) were from fallout. Alpha- 
particle emitters averaged 0.2 pCi/g at the plant 
perimeter and 25-mile radius locations as compared 
to 0.1 pCi/g during the last half of 1968; gamma- 
ray emitters averaged 17.6 and 22.4 pCi/g, 
respectively, as compared to 7.4 and 8.6 pCi/g for 
the last half of 1968. Radioactivity in grass 
samples is presented in table 11. 
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Table 11. Radioactivity on vegetation 


January-June 1969 





Concentration (pCi/g dry weight) 


25-mile radius 
(7 locations) 
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* Sensitivity of analysis in pCi/g dry weight; alpha emitters, 0.10; 
cesium-137, 0.3; cerium-141, -144, 1.0; ruthenium-103, -106, 1.4; beryllium-7 
3.0; iodine-131, 0.2; barium-lanthanium-140, 6.0; zirconium-niobium-95, 
0.5. 


Milk 


Milk was sampled at three dairies within a 
25-mile radius of the Savannah River Plant 
(figure 2). Samples, collected biweekly, were 
analyzed for tritium and radioiodine. Strontium-90 
and cesium-137 determinations were made quar- 
terly. Milk produced in the area and sold by major 
distributors was also analyzed for these radio- 
nuclides. Results from analyzing milk for radio- 
activity during January-June 1969 are shown in 
table 12. 

Average concentrations of the radionuclides in 
milk were 11 pCi/liter of strontium-90 (compared 
to 10 pCi/liter of strontium-90 during the last half 
of 1968) and 13 pCi/liter of cesium-137. Iodine-131 
was less than the sensitivity of the analysis 
(5 pCi/liter) throughout this period. These values 
are consistent with those reported by the U.S. 
Public Health Service for most sections of the 
United States. Tritium in local milk, when 


present, is assumed to be associated with plant 
operations. The average tritium level was less than 
the sensitivity of the analysis, which allows 
detection of a concentration less than 0.1 percent 
of the AEC standard for water. 


Environmental gamma radiation levels 


Monthly measurements of environmental 
gamma radiation were made with thermolumines- 
cent dosimeters. The January-June 1969 data 
(shown in table 13) are characteristic of measure- 
ments observed at individual stations for the past 
several years. 


Summary 


The quantity of radioactive waste released by 
the Savannah River Plant to its environs was, for 
the most part, too small to be distinguished from 
natural background radiation or was obscured by 
fallout from offsite sources. Release of more than 
the usual amounts of ruthenium-103 in April and 
curium-244 for a brief period in June caused 
detection of these radionuclides in air at several 
points near the plant boundary. The temporary 
levels were below the respective AEC radiation 
protection standards. Beta radioactivity in air was 
about the same as that observed for January-June 
1968 and was a twofold increase over the previous 
6-month period. Radioactive materials in fish 
flesh continued to be far below levels considered 
significant from a health standpoint. The average 
concentration of any radionuclide in river water at 
Highway 301 did not exceed 0.3 percent of the 
AEC radiation protection standard. 


Table 12. Radioactivity in milk from local dairies, Savannah River Plant 
January-June 1969 





Distributing points 


Tritium* 
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* Sensitivity of analysis—3 nCi/liter. AEC standard—3,000 nCi /liter. 
> Sensitivity of analysis—1.0 pCi/liter. AEC standard—300 pCi /liter. 
¢ Sensitivity of eS pCi/liter. AEC standard—300 pCi /liter. 


4 Milk produced in 


ocal dairies, but sold by major distributors. 


ND, nondetectable, less than sensitivity of analysis. 


NS, no sample. 
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Table 13. 


Environmental gamma radiation, Savannah 


River Plant, January-June 1969 





Sampling points 
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Recent coverage in Radiological Health Data and Reports: 


Period 


January—June 1968 
July-December 1968 


Issue 


January 1969 
November 1969 





Reported Nuclear Detonations, April 1970 


(Includes seismic signals from foreign test areas) 


The U.S. Atomic Energy Commission an- 
nounced that it had conducted two nuclear tests 
during April 1970. 

Both nuclear tests were conducted underground 
by the Atomic Energy Commission at its Nevada 
Test Site on April 21, 1970. One was in the low 
yield range of less than 20 kilotons TNT equiva- 
lent, the other in the intermediate yield range 
(between 20 to 200 kilotons TNT equivalent). 

There was some release of gaseous radioactivity 


May 1970 


from the smaller test. A small amount of radio- 
activity was detected by the U.S. Public Health 
Service in the vicinity of Coyote Summit, an un- 
populated area on Highway 25 about 10 miles 
from the boundaries of the government-controlled 
area. 

It was detectable only on sensitive scientific 
instruments and presented no health hazard. The 
readings returned to normal background levels in 
about an hour. 





Errata 


In the article “Environmental Survey of Uranium Mill Tailings 
Pile, Tuba City, Arizona” published in the November 1969 issue of 
Radiological Health Data and Reports, there appeared several errors 
in tables 6 and 8 on pages 484 and 485. 

In table 8 on page 485 change the station 7-radon-222 average 
from 3.5 to 3.0 pCi/liter. 


Table 6. Gross alpha to radium-226 ratios, long-lived 
airborne particulate activity, Tuba City uranium 


mill, May 1967 





Sample Gross alpha Radium-226 Gross alpha 
number (pCi/m') (pCi/m*) radium-226 





In the January 1970 issue of Radiological Health Data and Reports, 
an error occurred in table 3 of the milk surveillance article on page 17. 
The iodine-131 12-month average for Portland, Maine, should be 1, 
and for Baltimore, Md., it should be 0. 
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SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished below 
in reference card format for the convenience of readers who may wish to clip 
them for their files. 


CESIUM-137 CONCENTRATIONS IN ESKIMOS, SPRING 1968. J. A. 
Eckert, J. S. Coogan, R. L. Mikkelsen, and P. N. Lem. Radiological Health Data 
Reports, Vol. 11, May 1970, pp. 219-225. 


To determine cesium-137 concentrations, 996 residents of 11 Alaskan villages 
were whole-body counted during April 1968. The methods of counting and selec- 
tion of villages were chosen to complement the spring 1967 counts made by 
Rechen et al. The villages counted in this study were: Ambler, Anaktuvuk 
Pass Village, Egegik, Kiana, Mekoryuk, Noatak, Noorvik, Selawik, Shish- 
maref, Shungnak and Teller. 

The maximum and average concentrations, considering all villages, were 
24.27 nCi/kg and 4.37 nCi/kg, respectively. The average radiation dose index 
was 34.1 mrad/a. A comparison of the radiation dose indices of individuals 
counted both in the spring of 1967 and the spring of 1968, indicates that in two 
villages out of ten there was a significant decrease in the indices. 

The inhabitants of villages living on a diet of caribou or moose meat had a 
higher cesium-137 burden than the inhabitants of villages where reindeer herds 
supply the main meat source. 

The calibration formulas of Rechen and Palmer are compared and it is con- 
cluded that earlier studies made by Hanson and Palmer are compatible with the 
more recent studies made by the U.S. Public Health Service. 


KEYWORDS: Alaska, body burdens, cesium-137, Eskimos, radiation dose 
index, spring 1968. 


TRITIUM BODY BURDEN OF CHILDREN, 1967-1968. A. A. Moghissi 
and Robert Lieberman. Radiological Health Data and Reports, Vol. 11, May 1970, 
pp. 227-231. 


The tritium concentration in body water of children was determined from 
samples of urine taken from two children in each of nine Institutional Total 
Diet Sampling Stations. The tritium concentrations in body water of children 
gradually decreased from about 1.5 nCi/liter to less than 0.2 nCi/liter during 
the period, January 1967 to December 1968. Several anomalies were noted. 

The dose equivalent from tritium for standard man was calculated to be 0.15 
mrem for 1967 and 0.13 mrem for 1968. The dose equivalent for children varies 
according to age and is roughly 0.1 mrem for a 13-year old child. 


KEYWORDS: Body burdens, children, tritium, United States, urine. 


TRITIUM CONCENTRATIONS IN FOOD, 1967-1968. A. A. Moghissi and 
R. J. Lyon. Radiological Health Data and Reports, Vol. 11, May 1970, pp. 
233-236. 


Tritium concentrations were determined in food samples obtained from 
several children’s homes in the United States. The average concentrations of 
tritium in food indicate a decreasing trend from 1967 to 1968. The average 
dose equivalent from tritium in food was calculated to be 0.08 mrem for 1967 
and 0.03 mrem for 1968. 


KEYWORDS: Children’s diets, food, tritium, United States. 
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GUIDE FOR AUTHORS 


The editorial staff invites reports and technical notes 
containing information related to radiological health. 
Proposed reports and notes should contain data and 
interpretations. All accepted manuscripts are subject 
to copy editing with approval of the author. The author 


is responsible for all statements made in his work. 


Manuscripts are received with the understanding that 
other identical manuscripts are not under simultaneous 
consideration nor have appeared in any other publica- 
tion. 


The mission of Radiological Health Data and Reports 
is stated on the title page. It is suggested that authors 
read it for orientation of subject matter. 


Submission of manuscripts 


Send original and one legible copy of the paper, typed 
double-spaced on 8% by 11-inch white bond with 1-inch 
margins. 


Submitted manuscripts should be sent to Managing 
Editor, Radiological Health Data and gue Bureau of 
Radiological Health, PHS, Rockville, Md. 20852. 


Preparation of manuscripts 


The Government Printing Office style manual is used 
as a general _ in the preparation of all copy for 
Radiological Health Data and Reports. In addition, 
Radiological Health Data and Reports has developed a 
“Guide” regarding manuscript preparation which is 
available upon request. However, for most instances, 
past issues of Radiological Health Data and Reports 
would serve as a suitable guide in preparing manuscripts. 


Titles, authors: Titles should be concise and informa- 
tive enough to facilitate indexing. Names of authors 
should appear on the third line below the manuscript 
title. Affiliation of each author should be given by a 
brief footnote including titles, professional connections 
at the time of writing, present affiliation if different, 
and present address. 


Abstracts: Manuscripts should include a 100- to 150- 
word abstract which is a factual (not descriptive) sum- 
mary of the work. It should clearly and concisely 
state the purpose of the investigation, methods, results 
and conclusions. Findi that can be stated clearly 
and simply should be given rather than to state that 
results were obtained. 


A list of su ted keywords (descriptors) which are 
appropriate indexing terms should be given following 
the abstract. 





Introductory paragraph: The purpose of the investi- 


gation should be stated as early as possible in the 
introductory paragraph. 





Methods: For analytical, statistical, and theoretical 
methods that have appeared in published literature a 
general description with references to sources is suffi- 
cient. New methods should be described clearly and 
concisely with emphasis on new features. Both old and 
new methods terials, and equipment, should be 

clearly enough so that limitations of measure- 
ments and calculations will be clear to the readers. 
Errors associated with analytical measurements and 
related calculations should be given either as general 
estimates in the text or for specific data in appropriate 
tables or graphs whenever possible. 


Illustrations: Glossy photographic prints or original 
illustrations suitable for reproduction which help en- 
hance the understanding of the text should be included 
with the manuscript. Graphic materials should be of 
sufficient size so that lettering will be legible after 
reduction to printed page size (8% by 6% inches). 


All illustrations should be numbered and each legend 
should be typed double-spaced on a separate sheet of 
paper. Legends should be brief and understandable 
without reference to text. The following information 
should be typed on a gummed label or adhesive strip 
and affixed to the back of each illustration: figure 
number, legend, and title of manuscript or name of 
senior author. 


Tables: Tables should be self-explanatory and should 


supplement, not duplicate, the text. Each table should 
be typed on a separate sheet, double-spaced. All tables 
must be numbered consecutively beginning with 1, and 
each must have a title. 


Equations: All equations must be typewritten, prefer- 
ably containing symbols which are defined immediately 
below the equation. The definition of symbols should 
include the units of each term. Special symbols, such 
as Greek letters, may be printed carefully in the proper 
size, and exponents and subscripts should be clearly 
positioned. Mathematical notations should be simple, 
avoiding when feasible such complexities as fractions 
with fractions, subscripts with subscripts, etc. 


Symbols and units: The use of internationally ac- 


cepted units of measurements is preferred. A brief 
list of symbols and units commonly used in Radiological 
Health Data and Reports is given on the inside front 
cover of every issue and examples of most other matters 
of preferred usage may be found by examining recent 
issues. Isotope mass numbers are placed at the upper 
left of elements in long series or formulas, e.g., 137Cs; 
however, elements are spelled out in text and tables, 
with isotopes of the elements having a hyphen between 
element name and mass number; ¢.g., strontium—90. 


References: References should be typed on a sepa- 
rate sheet of paper. 


Personal communications and unpublished data 
should not be included in the list of references: The 
following minimum data for each reference should be 
typed double-spaced: names of all authors in caps, 
pe yews title of article cited, name of journal abbrevi- 
a according to Index Medicus, volume number, first 
and last p numbers, month or week of issue, and 
year of publication. They should be arranged according 
to the order in which they are cited in the text, and not 
alphabetically. All references must be numbered con- 
secutively. 
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copies of the articles in the form of reprints. In cases 
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